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P. 

PALAEONTOLOGY.^' — The doctrine of ancient organic bodies, or the natural 
history of the earth at successive epochs of its former existence. 

In the article * Geology ’ it has been shown that the study of the mineral crust of 
the earth brings before an observer subjects of the greatest interest in the proofs 
which it unfolds of the existence of successive races of organic beings, and of the 
important share which the relics of such organisms had in the formation of that 
crust. 

The great result of such inquiries is — that at successive epochs new assemblages 
of vegetables and animals appear to have clothed and peopled the earth, and that 
thei'e must have been at each past epoch, as there is in the present, a due relation 
between the physical condition of the earth’s surface and the vital necessities of the 
beings living upon it. The great practical deduction is this,- — ^that, as the existence of 
certain assemblages of organic beings must have depended on the physical conditions 
of the earth’s surface at the time of their existence, the discovery of their relics in the 
strata of the earth indicates the contemporaneous condition of its surface, and either 
encourages or discourages the hope of discovering the relics of other organisms. 

It is thus that the Fossils of the Carboniferous, Triasic, Oolitic, or Cretaoeous 
Periods, when found in any strata, lead us to search for other substances which have 
been found elsewhere associated with them j and they thereby become practical and 
economic agents of the highest importance. When therefore it is said that coal may 
be expected in the Carboniferous strata, nothing more is affirmed than this,-- that the 
conditions of the surface were at that epoch favourable to the accumulation of those 
vegetable remains wffiich have subsequently, by fossilizing agencies, been converted 
into coal. 

The study, then, of Fossils is intimately connected with that of ordinary N’atural 
History ; and when the magnitude of its researches, extending as they do to epochs so 
remote that we cannot measure their antiquity, is considered, the student will no 
longer be surprised to find that it has become a distinct science under the designa- 
tion of Paleontology. This study exhibits to us a variety of new and strange forms, 
both in the animal and vegetable kingdoms, which have long since been either greatly 
modified or have passed away: and it also proves that at successive epochs the 
assemblages of organic beings have been totally Afferent in their specific characters 
from those now living, though in no instance created on principles of life different 
from those developed in existing organisms. A discovery so remarkable naturally led 
to the opinion that whole races of animals and plants had been swept away at suc- 
cessive epochs, and their places supplied by others newly created. This idea was 
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2 paleontology. 

aeeompanied by another equaUy plausible; namely, that a certain 'eleTatiou in the 
standard of creation was perceptible from the earliest formations onwards to the more 
recent, when Man, as the most highly organised of the animal creation, was introduced. 
These fawonrite ideas are now giving way, and Paleontologists are more disposed to 
regard organic creation as one great whole, and what appear to be new specie^ and 
even new genera, to be merely the results of such modifications as time and the 
changes in the physical conditions of the earth may have worked on the first created 
animals and plants. The value of Paleontology in reference to Geology remains, 
however, unaffected hy this alteration of opinion, as successive formations are equally 
characterised hy different animal and vegetable forms, whether they are looked 
upon as new creations, or as mere varieties of old. 

Some of the results which may he derived from this fact were ably set forth m the 
tables of Bronn’s ‘Index Palmontologiens,’ made known to English readers hy 
Professor John NichoU. Before referring to them, the following explanatory Table of 
Formations may be extracted from, bis work : — 


I. Carboniferous 
Period. 


a. Lower Silurian. 

b. Upper Silurian. 

c. Devonian. 

d. Mountain Limestone. 

€. Coal Formation. 

/. Lower New Eed Sandstone, 
gf. Zecbstein. 


II. Trias Period. 


h. St. Cassian Beds. 

i. Variegated Sandstone, 
ir, Musebelkalk. 

1. Kenper. 


m. Lias. 

/‘v fx T. • j I Oolite. 

HI. Oolitq Period. KimmeridgeCiay. 

V jp. Wealden. 


I q. Neocomien. 


IT. Cretaceous ; Greensand. 
Period. ^ Chalk. 


T. Tertiary Pe- 
riod. 


s. Nummulite Formation, 
i. Oalcaire grossier. 

u. Middle Tertiary. 

v. Molasse. 

w. Upper Tertiary, 
ir. Dilnvial. 


I.— V. All fossil species together. 

' s. ■ Living. 

In this preparatory Table it will be observed that the Carboniferous Period is made to 
include as sub-sections the Silurian and Devonian below, and the Lower New Eed Sand- 
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stone and Zeclistein above ilie ordinary Carboniferous formation. Doubtless tbis arrange- 
ment depends on two principles : first, that judging from tbe analogy of fcbe "world as it 
exists, evidence of tbe existence of land ouglit to be accompanied by those of mature 
action under all its varieties ; and secondly, that there is a sufficient gradation between 
the organisms of these several sections to warrant their formation into one whole. 

The object in referring to the Tables being in this Essay a practical one, many of 
the speculative reasonings which might be founded upon them will not be brought 
forward in a detailed manner. It is right, however, to allude to some of them before 
submitting the Tables for consideration. The duration of species is a subject of great 
interest, whether viewed as a geological or as a zoological question. It is known 
to us as a fact dependent on a great Law of Nature, that each individual has an 
average duration of existence, varying in extent with different species ; but it has been 
asked whether species also have or have not a definite duration of existence— 
whether, in short, a species would continue to exist for an indefinite time, unless cut 
short by some alteration in the conditions of those natural forces to the influences of 
which it is exposed. If species have a limited existence, they must necessarily die 
out, independently of cosmical changes, unless those changes have been so regulated 
as to correspond with the exact duration of a species, assuming that the lives of all 
species are uniform in duration. And still more certainly must the disappearance or 
death of species be partially independeut of such changes, when it is assumed that 
the duration of their lives is variable. 

To determine tbe question of a fixed duration of life of species from the existing 
creation is almost impossible, as it requires a knowledge of the past as well as of the 
present, to an extent which has not yet been attained. It is indeed known that some 
species have disappeared within the range of historic relation, but as most of these 
have fallen under the destructive agencies of Man, they are not normal, hut rather 
abnormal events. Geology, however, may be expected to aid in solving such a 
question, as it sets before us the records of the most remote past with a distinctness 
equal to those of the days only just gone by. 

The first belief of the Palseontologist was assuredly that the species of every geolo- 
gical formation were peculiar to it alone, but ^the most warm advocates of such a 
theory have gradually so far modified their views as to admit that some few species have 
occasionally lived beyond the termination of one formation, and passed into another. 
Bronn has estimated the proportional number which have thus escaped destruction at 
•12, and has estimated, therefore, the average duration of life in species at 1*12 a 
formation. It is manifest that this can only he received as the expression of a fact, 
namely, that species have on an average lived 1'12 formation, not as a proof that 
the natural life of a species, or, at least, of its maintenance of the same form of indi- 
viduality, was limited to that extent of duration. When in this manner species have 
survived the great cosmical changes which destroyed the great mass of organic beings 
co-existent with them in a previous formation, have eontiniied to live with undi- 
minished vigour in a second formation, and have at length died away in the heart of 
that formation, it may fairly be presumed that they have disappeared in conformity 
with a Law of Nature which limits the duration of each species, or its continuance in 
some particular form, to some definite period. The scientific interest of this result 
renders the rigorous examination of all those species which are considered common to 
more than one formation most desirable ; and in deciding on the question the 
Paleontologist should remember that colour, so important a character in recent 
objects, is deficient in those he is called upon to examine. . 
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I. EEVIEW OF THE FOfiSIL ?1'E CIE.' 
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I. Plantw. 

Cellulares • . ...... 

Yasculares . . . . • • • 
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Dubige .... . • . 

... 

... 

55 
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49 : 
49 

2 

2 

' 2 

879. 

13 

866 

77*2 

94 

21 
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71 ' 

52 i 
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51 

49 ^ 
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2 
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223 
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263 

1 ' 
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17 12 

Pseudozoa . 



... ' 

... 

... 



Amorpliozoa • 
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is 

9 
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... 


... d 
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... 

... 
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... 
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... 

13 
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84 
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The Table here printed is one out of tve which were quoted in the first Edition. 
Short as the time has been since their publication, mvf discoveries have materially 
modified their results, and it is necessary to point out the difficulties which are in- 
herent in such calculations. 

It is with the present creation that we desire to compare the creation of each sne- 
cessive epoch ; but as yet the examination of existing organisms is imperfect, Cuvier 
believed that the surface of the earth had been so well explored, that there was little 
hope of many new species of large animals being discovered ; but though it Is truetliat 
many very large species have not been found, the lists of Mammalia, the highest class 
of animals, have been extended, since 1829, fi’om 800 to more than 2000 siiecles. 
The Birds have never been completely described, and the works on Fishes have yet to 
he finished. Count Dejean has about 30,000 species of Goleoptera alone in his collec- 
tion,— a number which is so greatly disproportionate to that of the species of uther 
orders of insects in his’ collection, although in nature they are known to be in nearly 
equal proportion, as to indicate the still imperfect state of our knowledge as to the 
totality of insects. And can it be doubted that, were the inquiry extended to ei'ery 
branch of the animal and vegetable kingdoms, the imperfection of our kuowleilge, 
even of the present creation, would become still more manifest, and it will be felt 
that the proportion between the Fossil and recent species given in the Table, eaa only 
be considered an apxjroximation to the truth. 

But there is another difficulty which should be kept in view in comparisons betw^een 
the past and present creations. In investigating the present conditions of organic 
and inorganic existence, the inquiry is extended laterally over the surface of the earth, 
and, as it proceeds, adds continually to the amount of facts which are ail related to 
the one history, namely, that of the earth in its present state. How different is the 
course of inquiry when directed to the investigation of any former condition of the 
earth 1 It is then extended laterally only in a very imperfect and interrupted manner, 
as the outcroppings of a formation which was once the surface of the earth appear 
only here and there, the greater portion of it having been thrown down by internai 
convulsions of the earth, and buried under the matter of succeeding epoelis. When, 
therefore, the Table states that 514 species of animals have been discovered in tlie 
lower Silurian, 910 in the upper Silurian, 1411 in the Devonian, 1180 in the Moun- 
tain Limestone, 242 in the Goal Formation, and 24 in the lower New Bed Sandstone, 
and 164 in the Zecbstein, whilst in the existing period 101,745 species have been 
described, it would be erroneous to conclude that the earth of the loww Silurian 
epoch only supported the ^th part of the number of animals supported by the ])reHent 
earth, and the lower New Red Sandstone less than the contrary, 

if the very limited extent of those portions of the earth’s surface of these epochs sub- 
mitted to our observation be taken into consideration, -we shall have reason to feel 
surprise at the number of species known to us ; and when we further consider the 
numbers of individuals found in some fossil localities, we shall doubtless adopt a far 
higher estimate of the extent of organic existences in those remote epochs. If, indeed, 
number of species found in any geological formation were compared with the 
extent of surface of that formation known, the estimate would probably in some cases 
rather exceed than fall short of the numbers of existing organisms : for example, if it 
were assumed that ^th part of the surface of the earth at the Cretaceous epoch had 
alone been examined, — ^an area surely very much beyond the true proportion,— the 
total number of animals might be estimated at nearly half as much more than the 
number at present living. 

But there is another important difference in the mode of investigation. Wo know 
the animals and vegetables of the present creation by the study, with a few excep- 
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tions, of liviDg individuals ; Ave know those of past creations by the study of their 
dead exuvise ; and in this difference is found an ample explanation of the absence 
from fossil faunae and florae of a multitude of genera, which, from the perishable 
character of their substance, cannot be expected to leave any permanent relics behind 
them, ffhe natural habitat of most fossil species indicates the necessity of caxition 
in reasoning on an imperfect fauna, which in our opinion ought not to be ascribed to 
the absence of certain classes of animals in the fossil epochs, but rather to the impro- 
bability of finding their relics in deposits such as those we examine, 

A very limited local deposit of the Oolitic period, the Stonesfield slate, gave to light 
three species of the Marsupial order, an order now of very limited distribution, and 
thereby brought into strange connection the fauna of that remote epoch with the 
existing fauna of Australia. If the minute patch which produced so great a scientific 
treasure be compared with the whole extent of the Oolitic formations already known 
and studied, how small will appear the chance that such a xliscovery should ever have 
been made; and yet this fact is sufficient to demonstrate the truth, that warm- 
blooded Mammals of the Marsupial order did exist at the Oolitic period ; and as the 
genera helong to the insectivorous type of the order, the fact proved in anticipation 
that msects must also have existed : and this deduction has been confirmed by the 
discovery of their relics in the Oolitic strata. Nor is this all ; for with Professor 
Owen we must also assume, that the existence of small quick-breeding l.larsiipials of 
an insectivorous type Justifies us in believing that the other types of that great order 
existed also, and that the harmonies of animal life were maintained then as now. 
Can it, for instance, be doubted that the large carnivorous Marsupials w^ere then in 
existence, to prey upon the small and quickly multiplying insectivorous species ? 
Such are the remarkable truths brought home to our convictions by the accidental and 
almost improbable discovery of a few fossil fragments, and which would have remained 
unknown had not that discovery been made. 

It will be observed that the author of the ‘Index Pakeontologicus ’ carries back 
the existence of Mammals to the Keuper or newer member of the Prks ; and Pro- 
fessor Owen admits traces of Mammalia and foot-prints of Birds at that period ; it 
cannot therefore he said that no Mammals existed in the Cretaceous epoch, but rather 
that 'the same fortunate chance which gav€% as it were, a glimpse at tins higher 
member of the fauna of the Oolites is only wanting to display to us animals of equally 
high organisation in the Chalk, It is thus that the iauna of each of these remote 
epochs may be built up, — speculatively, it is true, but yet reasonably, — from often 
isolated individuals, just as in the hamls of the great Cuvier the whole body of an 
extinct animal was first restoretl from the examination of a few of its fragments. 

The caution necessary in deducing a too general determination of the absolute 
organic condition of the earth at each geological epoch will be further illustrated as we 
proceed with those more partial comparisons which are clearly within the power of the 
Geologist, and which will be here commenced by an examination of Table I. 

1, Um'Jjonifer (MS Perimi.-^The two great divisions of the Silurian system are 
characterised in this list by an absence of vegetable fossils ; and though this defi- 
ciency may in part be accounted for by the metamorphic condition of a large portion 
of the strata, and cannot be admi tted as a proof that no land plants existed, it cer- 
tainly justifies the Geologist in assuming that these deposits were essentially marine, 
whilst the character of their fossils indicates some curious peculiarities in their dis- 
tribution. Taking for example the upper Silurian, in which the fossils are more 
largely developed, the whole number of animals already known is stated to be 910, or 
compared with the leilucetl number, 27,045, about l^th of the number now living, 
whilst in some of the great classes the proportion is very different. In the Phytozoa 
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or plaut-like animals, tlie proportion of tipper Silurian to tlie recent, leaving out 
Entozoa and Aealeplise, is xjth ; in tlie Malacozoa it is abont j|tli ; but tliis very low 
proportion may be readily acconnted for by tlie great number of land and fresb-water 
Testacea wbicb form part of tbe total of recent animals. If, indeed, special classes of 
this diyision be selected, tbe proportion assumes a totally different aspect ; as, for 
instance, tbe Bracbiopoda amount to 148 species, or three times tbe number of living 
species, and tbe Cepbalopoda to 94, or abont |ths of tbe living. If, tberefore, tbe 
whole of tbe Silurian world bad been fully investigated, in these two classes there 
would have doubtless been a vast preponderance of numbers in its favour, —a fact of 
great interest, when the high position of the Cepbalopoda in the animal kingdom is 
considered. 

In the Entomozoa, from reasons already stated, tbe comparison can only be fairly 
made between the fossil and recent Crustacea, and tbe proportion of tbe former to tbe 
latter is so Mgb as |rd, whilst in tbe Entomostraca the number of fossil species is 
nearly double that of recent. In fact, tbe Malacostraca have not as yet been noticed 
in this ancient fossil fauna ; and this apparent deficiency, wbieb occurs, though in a 
less degree, in all the formations except tbe Oolite, is very difficult of explanation ; but 
in tbe latter case, as in tbe recent fiiuiia, tbe species of Malacostraca appear to have 
increased just in proportion to the diminution of those of the Entomostraca, and It is 
tberefore highly probable that tbe careful comparison of tbe numbers of each in local 
fauu^ of existing species would afford a clue to tbe laws wbicli have regulated their 
distribution. It may be, observed that in no other formation is the number of Ento- 
mostraca so great, and that tbe remarkable family of Trilobites distinguishes tbe Car- 
boniferous epoch from all others, and more especially serves as a guide to the Silurian, 
to which it has supplied a vast number of genera and species, — for some of which, see 
Geology Plate VIII. The researches of M. Barrande have thrown additional light on 
the natural history of Trilobites, and bis investigation of the Geology of Bohemia is a 
striking illustration of their importance for the determination of geological epochs, 
M. Barrande describes no less than 129 species of Trilobites, wbicli it will be observed 
is more than half of tbe number recorded in Broun’ s Table j so that even by tixis one 
locality it may be presumed that a large extension of the Silurian fauna has been 
effected,— a conclusion strengthened by the general total of tbe Boliemian fossils, 
which amounts to 600 species, a number nearly equal to half of that given by Bronn, 
Whilst, however, the number of species of Trilobites is so great, there are but few 
identical with those previously recorded j and it is therefore from the occurrence of 
such remarkable genera as Paradoxides, Battus, and Triimcleus, that tbe idootity of 
formation is determined. In some of tbe sectional divisions of tbe Boliemian strata, 
Trilobites exist abundantly, to the comparative exclusion of other fossils ; and this has 
been partly ascribed to tbe nature of the water, as being assumted to be more charged 
with siliceous matter than was suited to tbe development of Mollusca ; but such 
reasoning appears to be purely speculative. At tbe Silurian epoch, as at tbe present, 
the several peculiarities of tbe sea-coast, its bays and estuaries, must have influenced 
tbe character of its organic inhabitants ; and whilst in muddy bays and seas giving 
rise to tbe geological formation of slates, multitudes of Crustacea may have lived, 
there can be no doubt that Cepbalopoda and Mollusca were equally flourishing in 
other portions of tbe same sea, where tbe physical conditions were moz*e in conformity 
with their vital necessities. The relics of large Cephalopoda and of many of the 
Bracbiopoda would be naturally sought for in those deposits which bad been formed 
in tbe regions where they peculiarly existed ; and it is tberefore in deep sea deposits, 
or in tbe massive limestone strata, that they are principally found. In Plate YIII, 
some of them have been figured. It may be safely laid down as a rule, that the occur- 
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renoe of Trilobites in abundance is strong presumptive evidence that the strata belong 
to the Silurian epoch, and if they can be allocated to any of the well-known genera 
of that formation, all difficulty of determination is removed. In the calcareons de- 
posits, some of which have doubtless been contemporaneous with the slaty, the 
Cephalopoda, Braehiopoda, and Zoophytes will afford a clue to the identification of 
the strata nearly equally decisive, though not so easy and striking, ffhe late dis- 
covery by Mr. Salter of a Silurian Chiton is a remarkable fact, as tending still farther 
to place tbe ancient fauna in harmony with the recent, 

c. Deimnimi , — This fomati'on, so remarkable for its sandy, pebbly, marly, and 
schistose deposits, occnpies a transition place between the Silnrian and true Oarboni- 
ferous formations, and is often therefore difficult of determination. The condition of 
the Siluiian Crustacea found in this formation is sometimes snch as to indicate their 
exposure to attrition, and consequently to induce a belief that they are mi hondjlde 
Devonian fossils. The total number of species of animals has increased to 1411, and 
whilst the Crustacea, so strikingly characteristic of the Silurian, have diminished 
from 257 to 86, the gasteropodous Molluscs have risen from 71 to 246, and the 
Cephalopoda from 94 to 270,— so as to more nearly resemble in distribution the true 
Carboniferous than the Silnrian fauna. The Devonian has, however, its own peculiar 
characteristic in the richness of its Ichthyology, though the heterocercal fish lived in 
the upper Silurian epoch, — no less than 110 species of fishes having been recorded at 
the date of the Index. The local nature of the marly or clayey beds in which the 
remains of fishes might be preserved renders it rarely possible to use them for strati- 
graphical identifications, and dependence therefore must principally he placed on the 
Mollusca. (See Plate IX. ^Geology.’) 

cl. Mmmtmn LimeUone mid Coal Formation , — These two divisions constitute the 
true Carboniferous system, the two members of which exhibit very staking peculiarities. 
In the Mountain Limestone, the Braehiopoda number no less than 199, many of which 
are strikingly characteristic, whilst the Coal strata have only 4, — and generally the 
Mollusca in the former number 809, and in the latter only 143. The great peculiarity 
of the Coal series is, however, the richuess of its flora, which, coupled with the 
almost total absence of the Phytozoa, and the appearance, for the first time, of reptiles 
of the Saurian type (Archigosaurus Decheni), can leave little doubt on the mind that 
tlie conditions of deposit were very different from those of the Mountain Limestone. 
The one has every eharaeteristic of a deep sea deposit, the other of estuary and almost 
lacustrine deposition. Coppert lias sliown that the formation of coal may he imitated 
mechanically, and has noticed this curious distinetion, namely, that by operating on 
the vegetable structure alone, substances analogous to the brown or tertiary coals 
are produced, wliilst by adding sulphate of iron a true coal is the result. This dis- 
tinction points to a peculiarity in the vegetables which gave rise to the coal deposits, 
and justifies him in his opinion that the sulphuret of iron so common in the beds of 
coal proceeded from the plants which produced them. Sigillarim, Lepidodendra, and 
Calamites are characteristic of the true Coal formation. 

The frequent ocerprrence of the genus Cypris in the shales of the Carboniferous 
system is also strongly illustrative of the maimer of their formation. 

/, fj, P'ermim SifsteMf comprising loiver New Bed Sandstone and Zeehstein or 
Magnesian Limestone.— This section of the New Bed Sandstone is placed by Broun 
in the Carboniferous system, and in this opinion many geologists concur, as the fossils 
of the Magnesian Limestone exhibit a great similarity of character, more especially 
in the occurrence of the genera Produetus and Spirifer. In the marly heels of the 
Sandstone many fishes have been found, and there is still a considerable proportion 
of plants. In the Magnesian Limestone section the total number of fossils is much 
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greater than in the lower Bed Sandstone, bnt whilst it has contrihnted seven times the 
nuniber of animals to its fauna, it possesses scarcely more than ane*half the number 
of plants. This great difference is strongly marked in the Malacozoa, the Magnesian 
Limestone having produced 94 species, and the Sandstone only 7 ; but there can be 
little doubt that this absence of fossils from the sandy strata is the result of their 
disintegration, such deposits being peculiarly unfavourable to the preservation of 
organic remains. Between the Mountain and the Magnesian Limestones the Table 
exhibits one very marked difference, namely, the abundance of Echinodermata in 
the former (some of which have been figured in the Plates to ^Geology’) and their 
comparative absence in the Magnesian. The great development in Eussia of this 
geological section ha« led to the adoption of a distinct name for it,-— the Permian 
system, — but whilst the great similarity of its fossils closely associates it to the Oar- 
boniferous, it should be remembered that the occurrence of carbonate of magnesia is 
only the result of the greater development of a mineral which often enters into the 
composition of the Mountain Limestone. The greater number of reptiles is perhaps 
sufficient to indicate a difference in the conditions of deposit, more especially when 
combined with the deficiency of Echinodei'mata ; but that there is more analogy 
between the Permian and Carboniferous epochs than between the Trias and Permian 
may he further proved by reference to the fauna of the Trias, which assuredly in the 
Muschelkalk approaches to the character of the Oolitic fauna, Just as that of the 
Zechstein approaches to the Carhoniferous, And were any further proof required, 
ft is found in the florae of the successive epochs, that of the Permian being, like the 
Carboniferous, distinguished by the predominance of Ferns and Lycopodiacem, whilst 
the Trias, like the Oolitic epoch, abounds in Cycadem and Coniferae. 

kf % hj I, Trias Period * — Leaving out of immediate consideration the St. Cassiaa 
Beds (^), which, Ss Bronn states, are only local, although they produce a sea fauna of 
probably more species than could be collected in a similarly limited space of our present 
sea bottom, the Trias exhibits a remarkable diminution in its organic contents. To 
account for this defect, it has been supposed that the great amount of oxide of iron 
was injurious to organic and more especially to animal life ; but such a theory places 
a co-existing effect in the position of a cause. AH sandy beds must he unfavourable 
for the preservation of organic remains, as the ready filtration of water charged with 
carbonic acid must promote their rapid disintegration ; and, indeed| in this maimer 
all the solid parts of many fishes have disappeared, although the impressions of their 
external coverings or scales remain as distinct as if they had been drawn from life. 
The frequent association, also, of gypsum in large quantities with the salt-beds of this 
_ formation may also suggest other causes its occurrence is not improbably of secondary 
origin. In England, the Muschelkalk is only very faintly represented, If it exist at 
all, hut on the Continent it forms the central member of the formation. By the 
occurrence of the ammonitic type of Cephalopoda it approximates to the next period, 
and it may well be doubted whether a formation in which arenaceous beds so strongly 
predominated should be kept distinct, as such a character bespeaks a partial origin, 
and indicates a portion rather than a whole. It is well known that the footsteps of 
a remarkable animal long noticed on the beds of the New Bed Sandstone have beei 
traced to the Xjabyrinthodon, a reptile between the Saurian and Batrachian types, 
whose remains have been found in the Muschelkalk ; similar footsteps have been dis- 
covered in Pennsylvania, in strata considered of the age of the Old Bed Sandstone, 
Mr. Lea has called the animal of which these footsteps are as yet the only records, 
Sauropus primsevus. The Chelonians or Tortoises appear for the first time in the list, 
affording another analogy with the Oolitic period. The flora, according to M. Adolphe 
Brongniart, affords a more certain element of comparison, as it no longer, like the 
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Permian, exMbits strong analogies with the Carboniferous, but differs from it in a 
marked manner. 

That distinguished botanist points out that two causes of difference must be admitted 
in fossil florfB, the one due to change of epoch, the other to difference of geographical 

position, just as in the present time there are local variations, a forest of Pinus 

sylvestris growing in Germany, one of Abies taxifolia in the Yosges, of Picea excelsa 
in the Jura, and of Pinus pinaster in the Landes. This is very evident in the fiora 
of the Permian system ; hut though the local florse of the epoch were specifically 
varied, they possess a common relation to the flora of the Coal formation. A great 
botanic change had, however, taken place, and the Trias and Oolitic periods were 
linked together by the prevalence of plants belonging to another great di’iflsion of the 
vegetable kingdom, the Gymnosperms. This difference in the florae of successive 
epochs, and the equally striking <hLfferences between the fossil and recent flone, should 
be sufficient to satisfy even those who still hesitate to receive their evidence in esta- 
blishing such successive epochs. Brongniart, for example, states that the Coal forma- 
tions of Europe have as yet produced only 500 species, whilst the flora of Europe 
includes about 11,000 ; hut if the Ferns of the two periods be compared, the disparity 
is in the other direction, as the Coal formation of Europe has already produced 250 
species, and the whole of Europe now only produces 50. In Plate S. of * Geology ’ 
some of the most remarkable fossils of the Trias are figured. As this is, as it were, 
the turning-point from the more ancient organic condition of the earth’s surface, it 
may be well to abstract briefly some of the conclusions of Mr. W. King in his recent 
Monograph of Permian Fossils. The genus Produetus, so characteristic of the fauna 
of the Carboniferous epoch, and well exhibited in the Permian, appears also in the 
marls of St. Cassian, — so that some doubt may be felt as to the age of the latter. In 
the Permian system, remains of the tetrabranchiate division of Cephalopoda, or of 
the Cephalopoda with external shells and internal siphons, have alone, as yet, been 
found ; whereas Ehyncolithes, or the mandibles of Cuttle-fish, or of dibranchiate 
Cephalopoda, occur in the Trias, and thus prepare the way for the Belemnifces of the 
Lias. This commencement (Bellerophon is of doubtful analogies) of a great series of 
remarkable animals, which in the existing epoch comprises so many genera and 
species (our Sepia, Loiigo, Argonauta, &c.), deserves especial attention, and should 
be always compared with the present almost evanescent condition of the other great 
branch, the tetrabranchiate, now represented by only two species of the single genus 
Kautilus. 

There are, however, many difficulties in settling the exact zoological relations of 
strata, standing as these do on the limits of two great divisions. The absence of 
Trilobites from the Permian rocks is a strong negative dilference between them and 
the Carboniferous ; but this may be in great measure ascribed to difference of phy- 
sical conditions. In the Fishes there is a close generic though not specific connection 
between the Permian and Carboniferous, whereas the approximation is very much 
less between the Permian and Triasic. In the Eeptiles, as yet, the comparison can 
only be considered imperfect ; as the impressions of supposed Labyrinthodonts have 
been noticed by M. Conrad in the Devonian system of the United States, and should 
the determination be verified, the reptile character of the Trias will be bestowed on 
rocks of a more ancient date even than the Goal, as it is to a certain extent on the 
Goal series itself by the labyrinthodont forms (as they are considered by Yon Afeyer) 
of Archegosaurus and Sclerocephalus. On the whole, there is much reason to consider 
the Permian a portion of the Protozoic, the Trias a portion of the Deuterozoic period, 
as the appearance of the ammonitie forms of Cephalopoda in the Trias is of itself a 
powerful argument for approximating it to the Oolitic rather than to the Carboniferous 
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S 3 ? stem ; far more powerful than the contimiance of a few forms of the preceding 
epochs would he for the opposite determination. 
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m, n, o, jo. Oolitic Period , — This great member of the Benterozoic formations is 
replete with ohjects of the highest interest. It has been already stated tliat, leaTing 
out of consideration the recently supposed occurrence of !Mannnals in the Ken per, t he 
Oolitic formation has produced the first Mammalian relics, exhibiting at this early 
epoch examples of the Marsupial type which is now so characteristic of Australia — a 
region widely distinguished both by its fauna and flora from other parts of the known 
w'orld. In like manner its numerous reptiles, the fish-like Silurians (lehthyosauri 
and Plesiosauri)', and the flying Saurians (Pterodactyli) constitute a rich and varied, 
but most strange assemblage of organic bodies. The beaks of supposed dibranchiate 
Cephalopoda have been noticed as occurring in the Trias, but with the Oolites they 
enter distinctly into the fauna, and afford examples of seven geneni, one of which 
extends into the Chalk, another reappears in the Tertiaries and extends into the 
recent epoch, and four more, after apparently disappearing with the Oolites, reappear 
in the recent epoch. Of all these none is more remarkable than the genus BelemnitcH, 
which affords a close link of connection between the Oolitic and Cretaceous formations, 
just as the Trilohites and Producti of the Protozoic period did between the Silurian 
and true Carboniferous. M. Abide B’Orbigny divides the genus into three sections, 
each characteristic of a geological division ; namely,—!. Those with neither ventral 
nor lateral grooves, which are peculiar to the Lias or lower section of the Oolites ; 
2. Those with a ventral but not with lateral grooves, which belong to the upper Oolitic 
sections ; Z, Those with a ventral and two lateral grooves, which belong to the 
Neocomien (or lower greensand) and gault sections of the Cretaceous formation. Of 
the Belemnites of the white or upper Chalk, M. B’Orbigny forms his sub-genus Belein- 
nitella, which is characterised by an anterior notch, so that the species of this remark- 
able family have changed in form and character in the successive faunm of the earth, 
and after having swarmed in such abundance during the Oolitic and Cretaceous 
periods, have totally disappeared with the latter from its surface. The changes 
which have taken place in the tetrabranchlate division of Cephalopoda are also most 
remarkable. 

These Cephalopoda are divided by B’Orbiguy into two great families; 1st, Hau- 
tilidae; 2nd, Ammonidse, In the first, B’Orbigny recognises the genera Nautilus, 
Aganides (Clymenis), Cyrtocex*as, Lituites, Ortlioceratites, All these appeared in 
great numbers and in very varied forms (including Phragmoceras) in the aneient fauna 
of the Silurian epoch ; but, strange to say, the genus Nautilus alone occurs in the 
Oolitic and Cretaceous. The Aganides reappear in the Tertiary, but the genus Nautilus 
alone preserves to man a knowledge of the tetrabranchiate Cephalopoda of ancient 
worlds. The Nautilidje are distinguished from the Ammonidm by the straight or 
simply arched septa of their chambers, those of the Ammonidse being iobed or digi- 
tated, and by a centra! or medial siphuncle, that of the Ammonidse being dorsal 
(more properly called ventral). 

The family of Ammonidse contains seven genera, one of which only, namely, 
Goniatites, goes back so far as the carboniferous strata, of which it is a characteristic 
Cephalopode, at once appearing and ending in them. As the Goniatites have their 
septa formed with either angular or rounded lobes, and not with lobes of the foliated 
forms of the Ammonidse, they are very distinct from them, though associated in the 
same family. With the Muschelkalk true Ammonites begin, though still with 
comparatively simple septa, but in the Oolites they attain highly digitated or ramified 
septa, and exhibit a number of species, these animals having been peculiarly abundant 
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which, commenced in the Tiiasic and appeared also in the Oolitic period, occur in the 
Chalk, though not noted in the Table. They are referred by Professor 0%ren to the 
jnarine section, or to the true Ohelonia. 

Referring now to the Cephalopodons Molluscs as the most characteristic of iKith the ; 

Oolitic and Cretaceous periods, the Belemnites are continued from the Oolites in the 
two genera Belemnites and Beiemnitella, the latter being characteristic of the upper 
Chalk. In the Tetrabranchiate division, the genus Nautilus produces a considerable 
number of species, and B’Orbigny gives as a characteristic difference between those of 
the Oolitic period and those of the Cretaceous, that in the former there are never deep 
transverse furrows, so that any specimen of Nautilus exhibiting transverse furrows or 
ribs, maybe, with every probability, assumed to be cretaceous. Of the farniiii of 
Ammonidm the first trace had been observed in the Coniatites of the Car])onifer<.nis 
strata, but in the Muschelkalk (a member of the Trias) true Aminomtes began to 
appear, and in the Oolitic period attained their highest development in luimberH and i 

variety of form. In the Cretaceous epoch they exhibit a variety and profusion nearly 
equal to that of the Oolitic, and are combined with several other generic forma of 
the ammonidic type, such as Hamites {wliich appeared first in the Oolitic periods 
Crioceratites, Scaphites, Baculites (which being, as it were, straight Ammonites, 
represent the Orthoceratites, or straight Nautili of the more ancient epoch), and 
Turrilites. D’Orhigny, in his ‘ Paldontologie Hran^aise,’ has figured no less than 143 
species of the genus Ammonites from the Cretaceous strata, so that the richness of the 
fauna of that epoch in such Cephalopoda is truly wonderful, and strongly contrasts 
with the poverty of our recent fauna. 

It is of the highest importance to nnderstand the actual geological distribution of 
Ammonites, as they are the most characteristic fossils of both the Oolitic and Crehi- 
ceous periods, and for this purpose it is desirable to study the classification of Ton 
Buch, as improved by B’Orbigny.. 

1. Von Buch considers the Goniatites as a section of Ammonites, but they may be 
left out of the present inquiry, as the simply rounded and angular lobes of their septa 
at once distinguish them from all true Ammonites. 

2. He places the Ammonites of the Muschelkalk or Trias in a separate section-— -the 
C6ratites“-as their septa, being much more simply iobed than in the subsequent sections, 
point them out as an intermediate group. 

Species with one eritire or simple dorsal (more properly mniml) heel, 

3. Arietes: shell marked on the sides by simple radiating projecting ribs; back 
square, with a central keel ; siphon prominent, placed on the dorsal keel ; mouth 
prolonged into a beak ; septa formed of uneven lobes and swells (saddles of Von Buch) ; 
dorsal lobe as deep, as wide, and longer than the upper lateral lobe : the lateral swell 
ascends higher than the others, and the dorsal swell is very short. This group is 
peculiar to the lower portion of the Lias. 

4. Faldfetd: shell compressed, having on the sides folds inflected forwards, and 
often forming an elbow in the middle of their length ; no tubercles; back sharp, 
extending into a narrow keel which contains the siphon ; mouth complete, having 
projecting points in the centre of each side; lobes of septa uneven; swells nearly 
even ; dorsal lobe very wide, and its accessory lobe may be taken as the upper lateral ; 
and is always much longer than the dorsal lobe. This group is peculiar to the upper 
beds of the Lias. 

5. ; shell compressed, and adorned on the sides by bifurcated ribs, which 
areinflected forwards, hut do not form an elbow; with or without tubercles; back 
extending into a keel which contains. the siphon; mouth perfect, prolonged into 
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a central beak ; septa formed of , lobes TTbicb are generally divided into uneven parts, 
and of even swells ; dorsal lobe larger than the tipper lateral ; lateral swell less 
elevated than tbe rest ; dorsal swell very Mgb. This group is pecniiar to tbe 
Cretaceous period. 

Species with a channelled hach 

6. 'Tuberculati : shell adorned on the sides with ribs and with tubercles wMck 
alternate on the sides of the back ; back provided with a deep central channel ; 
mouth complete, representing an elongated beak which corresponds to the dorsal 
canal ; septa formed of lobes and swells divided into uneven parts ; dorsal lobe 
shorter than the upper lateral lobe, and so narrow that it does not occupy the 
breadth of the dorsal canal. All the species of this well-defined group belong to the 
Cretaceous period. 

Species with sharp hachs mi keeled, 

7. Clypeiformi (X^'^Oxhigny) : shell compressed, generally smooth or very slightly 
ridged; back sharp or wedge-shaped, but without keel; whorls of spire large, and 
generally enveloping ; septa divided into a great number of lobes formed of unequal 
parts and of swells formed of equal or nearly equal parts ; dorsal lobe shorter than 
the upper lateral lobe ; both swells and lobes wide and short. This group belongs to 
the Cretaceous period. 

Specks icith the hack projecting j and notched along the medial line. 

8. Amalthei: shell ribbed on the sides, the ribs being slight and infiected forwards ; 
the back sharp, and divided by transverse plaits or folds which form a notched surface ; 
moxith provided with a central beak, the ancient condition of which may he traced in 
the notches on the back ; septa formed of lobes and swells divided into uneven parts ; 
dorsal lobe shorter than the upper lateral lobe. This group is peculiar to the Jurassic 
and Oolitic beds. 

Fulchelli (B’Orbigny) : shell elegantly marked on the sides hy straight (not 
infiected) projecting ribs, which extend from one side to the other, forming on the 
back a compressed tubercle, so as to produce a series of crests, resembling cocks’ 
combs ; septa composed of lobes divided into uneven parts and of swells divided into 
even parts ; dorsal iol^e nearly equal in length to the lateral inferior one. This group 
belongs to the lower Cretaceous strata, the lower greensimd and gault 

10, Iihoto7mgen8es (D'Orbigny) ; shell with swollen square or oval whorls, wbich 
are adorned by projecting ribs, more or less tuberculated, the tubercles being arranged 
in four or five rows, one of which occupies the medial line of the back, and renders it 
more or less angular * ; septa formed of lobes and swells divided into equal parts ; the 
dorsal lobe longer than the upper lateral lobe. This group differs from the Armati by 
having several rows of tubercles along the back, one of which is medial, hy its equal 
lobes, and by its dorsal lobe, which is always the longest. Ail the species belong to 
tbe npper greensand of the Cretaceous epoch. 

Species having a hollow hack a7id iuhercles m the eides. 

11. Bentaii: shell more or less smooth, adorned with ribs which are often bifur- 
cated at the margin of the umbilicus, where they usually form tubercles : the ends of 
the ribs project on each side of the back, the middle of which is hollow; septa formed 
of lobes divided into unequal parts and of swells generally divided into equal parts ; 
dorsal lobe equal to or shorter than the upper lateral lobe. All the species of this 
group belong to the lower portion of the Cretaceous system, viz. the lower greensand 

' ' and'gault. ' , 
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12. Ornati: shell slightly swollen, with lla^ro^¥' back, bordered by ttibcreles ; aiifjther 
row of tubercles at the depression of the spire towards tlic middle of the ilunks ; septa 
formed of lobes and swells composed of unequal parts; the dorsal lobe very iducIi 
shorter than the upper lateral. A group exclusively belonging to the Oxford clay, a 
division of the Oolitic formation. 

Species •with the haclc mere or less square. 

13. JPlexuosi: shell furaished laterally or at the margin of the umbilicus with a 
row of tubercles, and with another at each side of the back, the middle of which 
forms a slight projection. Between the two rows of tubercles of the sides are generally 
ribs which are slightly inflected forwards ; septa formed of lobes divided mtoiumiiml 
parts and of swells divided into equal parts ; the dorsal lobe shorter than the upper 
lateral one ; the upper lateral very wide. A group belonging to the lower portion of 
the Cretaceous system, 

14. Oompressi (D’Orb.) : sliell generally very compressed, eoniposcd of I:ir-e 
whorls closely enveloping each other, and having lateral ribs or .striic which are nnly 
sUghtly inflected, and form tubercles on the sides of the back ; back narrow and 
square, as if truncated ; septa composed of a great number of lobes diviiicd intu 
unequal parts and of swells frequently formed of equal parts ; dorsal lobe very great, 
being much longer than the upper lateral lobe. A group belonging to the Cretaceous 
period, and extending over the whole of the greensand. 

15. Armati; shell with square whorls, having on the sides of the back one row of 
projecting tubercles, and on the flanks one or more rows; back wide and square ; 
septa composed of lobes formed of unequal parts and of swells formed of equal parts •’ 
dorsallobe longer than or equal to the upper lateral lobe, the latter being placed in 
the niiddle of the fl^ks, ^ and always narrow as regards the dorsal swell. A group 
peculiar to the Oolitic period, and specially to the upper members of it 

16. Ang^icoMi (D’Orb.) : sheU thick, with whorls almost round, though 
marked on each side of the back by a slight projection which renders this part ucarlv 
square j back much more narrow than the flanks ; the ribs elevated, and altcrnatidy 
passing over the back from one side to the other; septa composed of lobes formed 
of unequal parts and of sweUs generally even : the dorsal lobe is much shorter than 
the upper lateral, and the auxiliary lobes are obUque towards the umbilicus A group 
belonging to the lower portion of the Cretaceous system, and differing from the 
Planulati only by the square back. 

17. aapnWi; shell with very convex whorls, adorned by bold simple straight 

ribs tuberelffl or spines ; back wide, often having a surface more extensive 

than that of the flanks ; septa composed of lobes formed of unequal and swells of 

^ual parts ; dorsal lobe the largest ; the lateral lobes wide. A group peculiar to the 
Oolitic period. . w 

Specks with rounded convex lack. 

18. HeterophilU (D’Orb.): sbeU compressed, formed of whorls which are 
almost, a rrays so far enveloping as to be rarely visible in the umbilicus : the sides 
axe smooth, dightly stnated or grooved; back narrow, ahd very convex- 
symmetnoal, dmded mto a great number of highly ramified lobes, the parts of whkh 
are uneven and of sweUs generally composed of equal parts; dorsal lobe aim st 

SlTowT the great number of branches 3 

the lobes, the swells between them represent the form of leaves in a very striking 

Tr P®™-! “to the Cretaceous, but H 

admits ot subdrvrsron acoordiug to the unequal or equal parts of the swellsTanl 
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wliilst tlie former section belongs exclusively to tbe Oolitic, tlie other is equally 
peculiar to the Cretaceous. 

19. Ligati (I)’ Orb. ) : shell compressed, generally smooth or only slightly -waved, 
and usually marked at intervals by grooves or ribs wliich formed the margin of the 
mouth at its successive stages of grovih ; back convex, sometimes a little compressed ; 
septa composed of lobes formed of unequal and of swells of generally equal parts ; the 
dorsal lobe shorter than the upper lateral; the last auxiliary lobes often oblique 
to the rear on approaching the umbilicus ; the swells very divided but never resembling 
leaves. A group peculiar to the Cretaceous period, and extending over the lower and 
upper greensand, 

SO. PkinnJati : shell discoidal, compressed, composed of whorls more or less cylin- 
drical, adorned with striss or crowded ribs, which to wards the middle or at about two- 
thirds of the flanks divide into several branches, though not provided -with knobs at 
the point of junction ; hack round ; septa composed of lobes always divided into 
uneven parts and of swells usually formed of even parts ; the dorsal lobe either longer 
or shorter than the upper lateral : the auxiliary lobes are obliquely directed backwards 
towards the umbilicus in a marked manner. A group which would be peculiar to the 
Oolitic period, were it not that three species of the lower Chalk, of which the lobes 
are only imperfectly known, are provisionally iiicliuled in it. 

21. Coronarii : a group which specially characterizes the lower Oolite. It is dis- 
tinguished from the Planulati by having a knob or tubercle at the point where the 
ribs or striie bifurcate ; wkorls elevated ; septa composed of lobes divided into 
unequal and of swells formed of equal parts ; the dorsal lobe shorter than the upper 
lateral ; the auxiliary lobes oblique : the upper lateral lobe is outside of and the 
inferior lateral lobe within the tubercles. 

22. Biacrocepliali ; shell analogous in form, ribs or strim, to that of the group 
Coronarii, with this difference, that it is often more sw-ollen, and the tubercle, instead 
of being placed about the centre of the breadth of the whorl, is nearer the umbilicus, 
so that both the upper and lower lateral lobes are outside the tubercle, and not one 
within and the other without. The most swollen species proceed from the Oolitic 
strata, but the group itself extends into the Cretaceous. 

2S. F^'imhrmtz (I)’Orb.) : shell discoidal, composed of cylindrical whorls which are 
generally eoiitiguoiis, without in any manner covering each other, and are either smooth 
or transversely marked at intervals by projecting ribs or by grooves w^McIi were the 
former margin of the mouth ; mouth circular ; septa symmetrical, formed of lobes and 
swells divided into equal parts, and always enlarged at their extremity and narrowed 
at their base ; dorsal lobe often the longest. IThis group, so well characterized, is 
found both in tbe lower portions of tlie Oolitic and of the Ci’ctaceous periods : the 
greater number of species belong to the lower greensand, or base of the Cretaceous 
system. 

It has appeared desirable to give these ample details on the highly important genus 
Ammonites, as it will often be necessary in geological researches, to seek the means 
of identification of strata in the several groups into which it is divisible, as in many 
cases those mineral differences which may assist in such inquiri^ and are in some 
localities or countries well marked, disappear entirely in others. With the Chalk, 
Ammonites disappear, the upper se^ion of the white chalk being deprived of them. 
In this interesting and varied family, therefore, of the most highly organized class of 
Mollusca (the Cephalopoda) the fauna of each successive formation possessed charac- 
teristic representatives, commencing with the Goniatites of the Carboniferous strata ; 
and D’Orbigny recognizes even characteristic forms in his three divisions of the Creta- 
' ceous' system, assigning— 
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idingtlie Upper Greensand ami true Tlialk. 
tlie forms to partietilar fauna" w iLat ho 

iiing tliousaiicis of these Ammonitvs fruni all pans 
iant result, that it is uot merely S'Une spviv.-s, ;:s 
are characteristic, but that all the sj>eeie.s i C 
haracteristic, and that all iufiieate whii eertaiiuy 
a the application of their evidence is inauc ui:h 


other remarkable genera of "Cephalopoda wl:fn':'h 


ites in having the ^diorls, tlimigh in one 
and not eontignous or enveloping. The lol os 
sqnal parts. B’Orldgny describes seven sja-ciis, 
wer greensand, aiul two to the guult, the gciiiis 
imited range of oxislenee. 

tes, as the whorls do nut form a spiral, but are 
Orbigny describes inne species, which all btlung 
genus appears restricted. 

ges of growth resembling Amirioiiites by its eou- 
extending in a straight line fc>r a cinjsiderabie 
ik towards the spire. This genus only existed 
and low’-er greensand, and B’Orbigny reduces the 


ise species which form the genus Ancyloceras 
sous epoch, heginning with the lower greensand, 
fjearing in the upper greensand. It 'is dlstin- 
an irregular spire composed of elliptical wliorls 
rhe w^horls are in the same plane, are never in 
turn for some distance in a straight or curved 
hat at the final turn the last elbow appears dia- 


ras begins with a regular spire, the whorls of 
Scaphites, but are finally continued, as in them, 
and terminated by an elliow or cross. It com- 
ads in the low^er greensand,— not having been as 


t resembling a round or compressed siphon or 
the last turn is close to and connected with the 
state, as if straight. The septa are symmetrical, 
2qual lobes. The genus is confined to the lower 


the shell being either regularly conical, slightly 
Lt horn, the upper portion being for a considerable 
furnished wiHi a dorsal projection or beak, like 
n'e simple than in the Ammonites, having only 
iliar to the Chalk period, which they therefore 


ihells the spire is obliquely whorled, so that 
nivalve shell. The whorls are either round or 
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angular, and contiguous. The whole spire is umMlicated. This genus commences in 
the upper gault, and only extends to the upper greensand. 

Helicoceras (D’Orb.). The shell resembles that of the Turrilites, but has its 
whorls disconnected. The genus has only been discovered in the gault. 

In respect to other classes our remarks will be but brief. 

The Pferopoda appear first in the Silurian epoch (Carboniferous period of Bronn), 
and then vanish to reappear in the lias. They have not been hitherto found from 
that epoch upwards till the Tertiary period. 

Gasteropoda. Of this great class the well-known recent genus Turritella appears 
first in the Cretaceous period, increasing in number of species through it and the 
Tertiary, up to the existing. B’Orhigny has described fourteen cretaceous species. 

Scaloria: another well-known species, first commencing in this period, to which 
it has furnished seven species. 

Mmoa, D’Orbigny describes one species of this genus, now common in all 
latitudes, obtained from the gault. 

Mssoinaj — a sub-genus ; one species also from the gault. 

Nerinea* This remarkable genus, which commenced in the Oolitic period, yields 
twenty-six species to the Cretaceous, and then disappears for ever. 

Pyramidella. The greensand yields the first species of this well-known genus ; the 
only species of the Cretaceous period. 

Actmn (Tornatella of Lamarck) : commenced in the Oolites, yielded ten species 
to the Chalk, and continued through the Tertiaries to the existing epoch. 

Globiconcha (D’Orh.) *. a very globular, nearly spherical shell, with very short 
and almost concave spire. Peculiar to the upper greensand section of the Cretaceous 
formation. 

Troclius, This genus, so common amongst living shells, was also abundant in the 
Cretaceous period, to which it yielded thirteen species. 

Rotella. This living genus yielded its first species to the Chalk. 

Stovmtia. A living genus, in hot climates, which produced its only known : fossil 
species in the Cretaceous epoch. 

Pterodonta^ distinguished from Pterocera by an internal tooth at the mouth, 
and by the want of a sinus, is peculiar to the upper greensand of the Cretaceous epoch. 

The well-known genera Corms and Yoluta existed in the Cretaceous epoch ; the 
former having furnished to it one and the latter six species. 

The genera Mitra and Fmas commence wfith the Chalk, the latter exhibiting 
seventeen species. 

ColomheUma (B'Orb.), confotmcled with Rostellai'iaj is peculiar to the Cretaceous 
period. 

The common genus Cerithimi commenced in the Oolitic and its species became 
abundant in tbe Chalk, numbering, in several sections, thirty-six. 

Several other well-known genera either appear for the first time in the Chalk or are 
more fully developed in species than in preceding formations. 

The total number of Gasiey^opoda described by B’Orbigny is 325, and he finds the 
number of species greatly increased in the upper geological divisions, being the 
inverse of the proportion observable in the Cephalopoda; so that we may assume, 
that wMlst the peculiar forms of ancient faunm diminish in number from the base to 
the summit of the Cretaceous epoch in the class of Cephalopoda, the peculiar forms 
of our recent fatina in other classes increase. 

M. B’Orhigny draws some highly important geological conclusions from his exami- 
nation of so great a number of Gasteropoda, which strongly mark the great importance 
of Pateontology. 
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Latignmi {Lutraria of Lamarck) — begins in tlie Cretaceous period. 

Arcopagia (separated from Tellina) — first occurs in the Chalk. 

Tketk — ^peculiar to the Chalk. 

Gervilia—QommQ-n. to the Oolitic and Cretaceous periods, and then ceases to exist. 
Inocermmis — ahimdant in species, and ends in the Chalk, 

/amm— a genus now separated from Pecten, &c., containing the formerly so-called 
P. quinquecostatus, P. quadricostatus, &c., begins in the Cretaceous period, is traceable 
in the Tertiary, and still exists. 

Spondglus — ^begins in the Chalk. 

Ostrea. This well-known genus of our present seas was early represented with the 
ancient faunas under very distinctive forms : to the Chalk it yielded many species, 
some of which were very remarkable from the complicated manner in which the shell 
was folded or plaited. 

BracMopoda. The animals of this great class, which appeared with the very first of 
organic beings in the most ancient known fauna of the earth, the Silurian, are less 
perfect in their organization than those of preceding classes. They have no head, have 
neither organs of vision nor of hearing, and are deprived of all organs of motion. 
Whether free or attached, the species cannot change their place, and must therefore be 
peculiarly sensitive of great cosmical changes. It is thus that they have become 
powerful means of distinguishing formations or epochs, as may be judged from the 
following statement of the range of the several genera, in which it will appear that some 
of them are even more limited than in the other classes. 

Lingula^ from the Silurian up to the recent epoch, where it still exists. 

Froductus — CImietes — Lejgtagonia — Le^tmna — from the Silurian to the Triasic in* 
elusive; and then disappear. 

Qrthis — QrtJiUma — Strephomena — IlemitlmiS'--StHgocep1ialm’---Poramhonites — 
FliynchoiieUctt — of these only Ehynchonella is continued to the Chalk, where it 
ceases. 

The eight genera constituting the families UncUidm and -not continued 

to the Chalk, 

Magas is peculiar to the Chalk, and Terebraf 2 dma commences with it. 

Of the family of TerchratululcBi as restricted by B’Orbigny, the genus Terehraf ula 
is common to all geological formations, and is still living, whilst Tei'chraklla, Tax- 
Irirostraj and Fissirostm are peculiar to the Chalk. 

And of the second division of Brachiopoda, MegatMris and Tkecidea appear in the 
Chalk, and are still living, the latter being attached to Coral at great depths. 

Of the family of Qaprkddm, the remarkable genera Hippuriies, Oaprrina, CapH- 
nula, and Caprinella are all peculiar to the Chalk, and would, even taken alone, stamp 
an air of peculiarity on its fauna. 

In like manner, the curious genera Radmlidcs, Biradiolides^ Oaprotina^ and Be- 
quieiiia, which constituted the family of MadioUdee of D’Orbigny, distinguished the 
Cretaceous fauna, in which, at several successive stages, their several species were 
grouped together, — forming in deep water extensive reefr, like the coral reefs of our 
present seas. 

These great truths are equally manifest, if the inquiry he extended to the Bchim^ 
dermcita, and specially to Idsio Echinidm, as in the numerous genera and species of the 
Cretaceous epoch will he found some approximating to our recent types, but many 
(see Ceology Plate XIII, ) peculiar to the Chalk. Th.o Gnmidmy which, like the 
cephalopodous Molluscs of the tetrabranchiate order, commenced with the earliest epochs, 
have now almost disappeared ; but the Echinidm still maintain their importance in 
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aumbers. The fauaa of the Chalk, therefore, by tiircs approacheH to cr from 

the ancient faunae, on the one hand, and the existing fanna on the other ; but though 
even a slight specific connection with the recent has been lately supposed to exist, it 
presents a bold aspect of difference, which, like a precipice, divides it fivm oar own 
epoch. 

Teriiary Penod---{Sf t, %% w, a; of Table), or excluding and merging the local 
distinctions into the great leading divisions, — the Eocene, lliocene, and Iliocene of 
British writers ; the Quaternary or Pleistocene embracing the still more recent 
deposits. 

Before discussing the fiora and fauna of "this period, it will be well to refer to Table 
III., and to consider the proportion of fossil to recent genera in the successive furma- 
tions, as the evidence of distinct systems is stronger when thus c^btaincH.! from the 
greater groups of organized beings than from simple species. The genera may 
reasonably be expected to be less affected by the comparative areas examined th.an the 
species ; or, in other words, it is more difficult to account for the total absence of 
many living genera from the fossil faunm, and of the similar absence of many f 
genera from the recent fauna, on the mere sxipposition that it is due tu the roni]taTa- 
tively small fossil area examined. That i*eason is legitimate, and has great force, when 
it is applied to the question of comparative abundance of species, but it cannot act'ount 
for the want of identity either of species or genera: and if the iaet of a want of such 
identity is remarkable when derived form the smaller groups or species, how much 
more striking must it be, if found equally deducible from the greater groups or genera ! 
Looking first to the fiora, it appears that in the whole series of strata deposited from 
the earliest Silurian to the Cretaceous inclusive, no recent or now living genus of plants 
has as yet been discovered : whereas in the Tertiary one-third of the genera are still 
living. 

The proportions of living genera of animals in the successive faunie are given as 
follows : 


Carboniferous, 

In the Phytozoa, |- 

„ ^falacozoa^ | 

,, Entomozoaf 4* jj-, 

„ FisheSf 0* 

,, Rej[>iileSy 0 

„ Birds, 0 

,, Mammals, 0 


Tidas. Oolitic. Cretaceous. Tertiary* 

I +.V 1 I 

I % i -/!, 

& i +« i 

: 0 . : , I ■ . + 1 

^ fit I' 

0 0 0 

0 0 0 4 


An examination of these numbers at once points out the enormous zoological 
difference between the latest of the Secondary formations and the first of the Tertiary, 
—between, as it were, tbe more ancient epochs and that in which the w’orld was 
almost prepared for the reception of Man and the organic heings associated with him. 
The most striking fact in the Eocene or earlier division of the Tertiaries is the 
occurrence of Quadrumana. These remarkable animals, the next in order of organiza' 
to Man, were first recorded as inhabitants of the earth during the Tertiary epoch 
by Lieutenants Baker and Burand of the Indian army, in 1836, and again in 18S7, by 
Cautley and Br. Falconer; but in these eases the fossil remains were from a 
region the present climate of which is suitable to the existence of such animals. In 
1837, M. Lartet discovered in the fresh-water Tertiaries of the South of France 
quadrumanous remains, and in like manner they have been discovered in the Tertiaries 
of South America ; so that their appearance has thus been carried back to tbe very 
dawn of our present fanna. Professor Owen has remarked, that whilst “the fossil 
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Semnopitliecus of India, and Protopitliecus, or Gapueiim Mon^iiey of Brazil, are, like 
tke lower organized extinct mammals associated witk tliem, of gigantic size as com- 
pared witk the nearest existing analogues of the same localities, it is interesting to find 
that the representatives of the quadrumanous order found in a climate which is now- 
unfit for the existence of apes and monkeys in a state of nature, were of smaller size 
than their now nearest analogues; a fiict which seems to indicate that although the 
climate was warmer than at present, it was not of so strictly tropical a character as to 
favour the full development of the quadrumanous type.” 

In the Eocene gypsum of Montmartre, Cuvier discovered the remains of Bats, and 
their existence in the Eocene sands has been rendered very probable. Such remains 
are also found in the Bone Caves, associated with extinct animals. In the most recent 
(or rather post4ertiary) beds of the Tertiary epoch, remains of the Mole, the Shrew, 
&c,, have been found,— every step bringing us nearer and nearer to the ordinary con- 
dition of the existing fauna. 

The necessary limits of this article will only permit a rapid sketch of the other pecu- 
liarities of the Tertiary fauna. The Gbseropotamus of the Eotene strata is a link 
between the Hippopotamus and the Hog ; it resembled the Peccarl of Mexico, but was 
about one-third larger. The genus Hippopotamus occurs in the Pliocene fauna (H. 
major or great fossil Hippopotamus), and is represented in the Tertiaries of India by 
its congener, Hexaprotodon of Caiitley and Falconer. Of other Pachydermata, the 
genera Hyracotherium, Palfeotherium, Anoplotherinm, &;e., occur in the earlier 
Tertiaries, and mark them with a peculiarity which diminishes in the more recent, 
until at length both the genera and species are nearly identical with those of the 
living fauna. Of the above animals it has been justly remarked by Owen as a curious 
fact, that the nearest living analogues of the Chjeropotamus, the Anoplotherium and 
Palmotherium, namely, the Peccari or Mexican Hog, the Llama, and the Tapir, should 
all be found in South America ; so that the grouping of the British fauna in the Eocene 
epoch corresponded with that of the living South American fauna, — a fact which will 
remind the reader of a similar grouping of the Oolitic fauna as compared with that of 
Australia. 

Turning to the Reptiles, — the Eocene epoch was rich in Cheloaians, the London 
clay of our own island having yielded no less than eleven species of the marine genus 
Chelone, or Turtle. How striking is this fact, when it is recollected that only five 
well-defined species of Chelone have as yet been discovered, notwithstanding the 
eager Si=iarch for these animals, by naturalists and commercial voyagers, in the tropical 
seas of our world ! Fresh- water Tortoises are still represented in the European iauna 
by the Emys or Cisfcudo Europiea, which can live in our own island in suitable localities ; 
but this extraordinary abundance of marine Chelonians in the Eocene fauna of Eng- 
land, — the Island of Sheppey alone producing more sjiecies of Turtles than are now 
known to exist in the whole world,— can only be exidained by some great cosmical 
change- They agree with other organic bodies of the period in demonstrating a 
warmer climate to have prevailed during that period, and the puoduction, under its 
influence, of an abundant supply of food. But, in addition to this, Professor O wen 
advances the truly philosophicai opinion, that to some of the extinct species, which, 
like Chelone longiceps and G. planimentuin, have a form of head well adapted for 
penetrating the soil, was assigned the task of cheeking the undue increase of the now 
extinct Crocodiles and Gavials of the same epoch, by devouring their eggs or young ; 
Just as in like manner they may have been in return an occasional prey to the older 
individuals of the same carnivorous Saurians. In the fluviatile Chelonians the same 
remarkable distinction of the Eocene fauna is preserved. 

Of the genus Trionyx, or of the soft Tortoises generally, no species have yet been 
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observed in European rivers, ‘‘all those wbicli have been describetl, aitd of wluoli 
the habitat is hnown, having come from the streams, rivers, or great Irtish -vat or 
lakes of the warmer regions of the globe but at the Eoeeiie epoch the Tricoiy.'t'?{ 
abounded in the fresh waters of our latitudes, Professor Owen having tlescribcd el^dit 
species. 

Of Marsh Tortoises the numbers were not so great, comparatively speaking, >inee 
in the existing fiiuna this family exhibits the greatest number of species. Two species 
of the genus Platemys and six of the genus Emys have, how'ever, been described by 
Bell and Owen ; M. Pictot has lately added many new species of Chelonians discovered 
in the Tertiary deposits of Switzerland, and if the total number of Cheloniams dis- 
interred from Tertiary strata be considered, we shall be equally justiiiecl in designating 
the Tertiary as an age of Ohelonians as we were in calling the Lias an age of *'^nuriatis. 

Before turning from the contemplation of a fauna which at once etahraced so gr»,afc 
a variety of Ohelonians, Serpents of very large size, great Lizards, and mighty 
codiles, it is desirable to dwell for a moment on the reflections which they have excited 
in the mind of ProfeSsor Owen : 

“The fossil reptiles,” he observes, “ like the fossil fishes, approximate nearot to 
existing speeies in the Tertiary deposits, and differ from them ulo^t wiilely in .strata 
whose antiquity is highest. 

“ Not a single species of fossil reptile now lives on the present surface of the globe, 

“The characters of modem genera cannot he applied to any speeies of fossil reptile 
in strata lower than the Tertiary formations. 

“No reptile, with vertebrm articulated like those of existing speeies, has been dis- 
covered below tbe Chalk, 

“Some doubt maybe entertained as to whether the lethyosaurus communis did 
not leave its remains in both Oolitic and Cretaceous formations ; but with this excep- 
tion, no single species of fossil reptile has yet been found that is common to tim 
great geological formaiions, 

“The evidence acquired by the researches wiiicli I have detailed permits of no 
other conclusion, than that the different species of reptiles were smldenly intrctducetl 
upon the earth’s surface, although it demonstrates a certain systematic regularity in 
the order of their appearance. Upon the whole, they make a progressive appronrh 
to the organization of the existing species, yet not by an uninterruptiHl succession 
of approximating steps. Neither is the progression one of.mccnt ; fi-r the r<‘pfilt»s 
have not begun by the perennibranchiate type of organization, by wdiich, at t he ni 
day, they most doselj appi^oach phes ; nor have they terminated at the (Opposite 
extreme, viz. at the Binosaurian order, where we know that the reptilian structure 
made the nearest approach to mammals. Thus, though a general progression may 
be discerned, the interruptions and faults, to use a geological phrase?, negative the 
notion that the progression has been the result of self-developing energie.s adequate 
to a transmutation of specific characters ; hut on the contrary, support the conclusion, 
that tlie modifications of osteologies! structure which characterize the extinct reptiles 
were originally impressed upon them at their creation, and have been neither derived 
from improvement of a lower, nor lost by a progressive development into a higher.’’ 


Cephalopodcms Mollmcs.-^lnih^ imxm of preceding epochs the Cephalopoda Isave 
occupied a very prominent position, and have aided materially in characterizing tlunu 
by the marked, and highly important alterations of their structure, which became 
apparent in successive epochs. The family of Nautiiidm exhibited a groat variety of 
modifications at the earliest fossiliferous epoch, namely, the Silurian; whilst the 
family of Ammonidse preserved its primsevai plan of structure nearly to the Cretaceous 
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epoch, ■wiieii it assumed all those remarkable forms which have been described under 
the genera Tiirrilites, Helieoceras, Toxoceras, Hamites, Scaphites, Baculites, &c., &c. ; 
so that the age of great development of the one family was at the earliest period of 
the Protozoic formations, and that of the development of the other family at the latest 
period of the Denterozoic, — a fact which is strongly in. opiposition to the theory of 
progressive development. How remarkable, also^ it appears, that after each of these 
epochs of extraordinary development of forms, the family which was the subject of 
it should have either relapsed into simidicity or entirely disappeared I most of the 
abnormal forms of the Kautilidm, such as the Phragmooeras, Lituitus, Gomphoceras^. 
&:o. , having vanished with the strata in which they first appeared, jiist as the similar 
abnormal forms of Ammonidse vanished with the Cretaceous, or in the epoch of their 
birth. The sadden disappearance of the w'hole family of the Ammonidte is one of the 
most remarkable facts of natmnl history, moi*e especially as it is contrasted with the 
continued existence of the bfantilidse, in its simple or normal form, both in the Tertiary 
and still existing epochs. 

But before noticing the Eocene species, let us for a moment turn to the dibranchiato 
Cephalopoda, and mark the state of their development at this epoch. In the genera 
Belosepia, Beloptera, and Belemnosis are found connecting links, between the Belem- 
nites, which were such interesting members of the Oolitic and Cretaceous faunse, and 
the Sepidfe, or Cuttle-fisb, of the recent ; and these three genera jnelded six species to 
the British fauna. In these forms, therefore, the peculiarities of the more ancient 
dibranchiate Cephalopoda are disappearing, whilst the characters of the recent are 
becoming more distinct ; but in this, as in the case of reptiles, the change cannot bo 
said to be from the simple to the compound, but rather from the compound to the 
simple. In like manner, the most simple forms of the tetrabranchiate Cephalopoda 
have alone been preserved to our recent fauna. The genus Nautilus of Eastern Seas, 
first made known early in the last century by EumpMus, and first described with 
accuracy by Professor Owen, 'was indigenous to our British Seas in the Eocene epoch, 
having then contributed six species to the fauna of England. These deserve some 
special notice, in order to explain their supposed distinction from the recent species. 

Nautilus centralis is small, those found not having exceeded 3" *7 in diameter ; and 
in the simplicity of the septa and the central position of the siphuncle tlsey nearly 
resemble the recent Nautili, whilst they are distinguished from them by a vtny ventri- 
cose and almost globose aspect, the dimensions of the largest specimen being 3’' *7 in 
diameter and 3” *3 across. It is probable that this species extends into the Miocene 
strata. 

Nmitilm regalis-^d, very splendid species, as it has been known to attain the size 
of 9 1 inches in diameter and 5 inches across. The umbilicus is closed by a thickening 
of the lip, which looks like a solid axis to the shell ; the siphuncle is small and 
eccentric ; the septa are nearly simple, presenting cm. each side slight undulations. 
In the young shell the septum is characterized by a conical depression placed on the 
dorsal margin, close to the preceding whorl, and having the appearance of a second 
siphuncle, for which it has been mistaken. 

Nautilus urhanm — a flat discoidal shell, "with obscure undulations like those of 
N. regalis. The siphuncle is eccentric, approaching the dorsal margin ; the timbilicus 
is narrow, but open. It is distinguished fi-om N. centralis by its flatness and the 
greater length of its aperture, and from N, regalis by its open umbilicus ax\d discoidal 
shape. It attains a large size, namely, 7"*4 in diameter and 3" •4- across. 


Nautilus imperiaUs . — This species is easily distinguished from N. centralis by 
an eccentric position of the siphuncle, and from N. regalis and N. urbanus by its 
orbicular form, lunate septa, and recurved dorsal lobes, which form, as it were, 
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ail axis to the slieil; a very large species having attained the size of 12 inelies % 
8| across. 

Nautilus Sowerbyi--B, cliscoidai, or rather a lenticular shell, the apertnre Imving a 
triangular aspect. The septa are very concave, having mi each side a broad undula- 
tion with a deep sinus-like depression, caused by a lateral lobe: the sipliinieh' is very 
near to the dorsal margin. It has attained the size of 10 inches diaiueier by 4 ’ *2 
across. 

Nautilm Parhinsoni.-^Tlie septa are moderately concave, with angular lobcsS on 
each side. In this latter respect it resembles xUuria zic-zae, whilst it pus.se.sst-H tlie 
.sipbuucle of the genus Nautilus, which, though very eccentric in this species, is still 
truly discal. It is a connecting link between the Nautili and Glymenidas and thruueh 
the latter leads to the Goniatites and Ammonites. It attains a very large size ; the 
largest chamber in Parkinson’s specimen, and that chamber manifestly nut the last, 
measuring 9 inches by 7. 

From these descriptions it is manifest that the genus Nautilus was still in a highly 
developed state in the Eocene formation : it continued so in the l^lioeene, and it still 
exists, though notv diminished in size and number of species, and eoiitiued in the seas 
of the tropics. It is, therefore, a connecting link between the extinct and the recent 
faunae. 

Of the family of Clpmmdmy of which the genus Clymenia (Munster) is the 
there is also a representative in the Tertiary, though none in the recent ejtoch. In 

the description of D’Orbigny's classification, it was stated that Glymenia or Aganides 
(D’Orbigny having adopted the name given by Be Montfort to a species wlik-li is 
now supposed to be a Goniatite), having fiourished as a characteristic genus in the 
Profeozoic formations, suddenly disappeared, to reappear, as it were, for a moment in 
the Tertiary. Bronn, however, has established a separate genus for the Tertiary 
shells, under the name of Aturia, as the whorls are exposed and the siphunele is 
narrow in Olymenia, whereas in Aturia the last whorl conceals the others, atui the 
siphunele in the typical species, Aturia zic-zac, is of great size and farm el -sha peel, 
though in both there is the same position, namely dorsal and marginal, of siidiuncle. 
These difiei’ences, followingthe analogies of classification in the genera Nautilus rind 
Ammonites, scarcely justify generic separation, unless indeed they had been manifested 
in a number of species of the new genus Aturia. 

The A zic-zac (Nautilus zic-zac of Sowerhy) was very widely distributed, liaving 
occurred in the Eocene strata of Europe and America, and been continued into the 
Miocene. The zic-zac or pointed character of the lateral lobes of the septa, and the 
trumpet-shaped siphunele at present distinguish it as a species. 

The nature of the differences between these species merits careful consideration iii a 
philosophical point of view, as it cannot be considered of an order likely to afieot 
materially internal organization, though still sufficient to serve as geological records 
in distinguishing between successive formations. 

It is unnecessary to pursue this investigation into the other classes of Mollusca 
wliich exhibit the continued approximation in genera and species to the recent fauiia 
of the earth, as we have now arrived at that point where the ancient is blended into 
the modern world. In pursuing our course through this interesting enquiry, we 
have mostly selected examples from European data, as they were best calculated to 
exhibit to us the peculiarities of successive faunm in contrast with that now existing ; 
but had our object been to refer to extinct animals as a necessary portion of the studies 
of a Zoologist, many very curious examples might have been cited from South Africa 
and the East Indies. 

Even still later in the World’s history, the mighty Mastodon and the extinct 
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Elephant, Bear, EMiioceros, Hippopotamus, Giant Beer, &c., still marhed a dis- 
tinction in the fauna ; but as species of most familiar kind were associated with 
them, such as the Fox, Wolf, Badger, Otter, &c., it is difiScult not to consider them 
portions of the present system ; nor indeed is there so great a difference between some 
of them and existing species as there is between the now extinct Dodo and Solitaire 
of the Mauritius and Isle of Bourbon, and more common genera and species of those 
and other localities. In these later deposits, however, may still he noticed the 
remarkable occurrence of forms now only known in warmer latitudes ; and it would 
appear, therefore, that they had gradually died out of the Northern faunm, though 
represented hy closely allied species in the Southern. The mode in which these great 
changes have been effected must ever continue to ns a mystery, but the fact remains 
an important guide in geological speculations. 


Distrihittion of /Speeds.— The distribution of marine animals, which form so large 
a proportion of those which have preserved to us a knowledge of the more ancient 
faiiiim of the earth, must necessarily deserve attentive study ; and for this purpose we 
cannot do better than examine the principles established hy Brofessor Forbes as the 
result of his dredging inquiries. He states that the distribution of marine animals 
is determined by three great primary influences, namely, — climate, composition of 
the sea bottom, and depth, — corresponding in character with those which deter- 
mine the distribution of land animals, namely, — climate, mineral structure, and 
elevation, — these primary influences being modified by several secondary or local 
causes. 

In the Eastern Mediterranean, eight well-marked regions of depth were characterized 
each by its peculiar fauna, and wherever plants were present, by its flora. These 
organic assemblages include some species which are only found in one particular zone, 
some which existed in preceding but do not continue into subsequent zones, and some 
which, beginning in that zone, continue to exist in succeeding zones. 

In this manner certain species have their maximum of development in one zone, 
and being there most prolific in individuals, may be regarded as especially charac- 
teristic. The sea bottom, in its mineral character, has generally a certain uniformity 
in each zone, that uniformity being more decided in the lower than in the upper zones. 
The deeper zones are greater in extent, so that whilst the first or most superficial is but 
12 feet, the eighth or lowest is above 700 feet in perpendicular range ; and the more 
purely littoral animals were therefore more subject to limitation than those of deep 
waters : it is by the careful study of the results of the laws which have regulated the 
distribution in depth of living marine organisms, that it becomes possible to deduce 
the former living position of fossil organic relics. 

First Megion, or Littoral Zone . — This is the least extensive, as two fathoms may 
be considered its inferior limit, and its minex'al nature is as various as the coast line ; 
but limited as it is, there are well-maiked subdivisions. The variety of its bottom 
necessarily produces, according as it is sand, rock, or mud, a variation in the associa- 
tion of its several species. That portion which, forming the water-mark, is left 
exposed to the air daring the ebb of the tide, presents species peculiar to itself, which 
resist the effect of so great a change, by either closuig their valves or burying 
themselves in the mud or sand. In the lower portion of this zone are the most 
characteristic species, the colours both of shells and animals being most fully and 
beautifully developed. As local influences, such as variation of sea bottom, differences 
in tides and currents, fiowing-in of rivers, &g., now induce a peculiar or local distri- 
bution of species, the same effects must have been produced from similar causes in 
the ancient faunae. The fauna of this belt must be also varied by many stray species, 
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either driven in by storms or brought down , by rivers,. land sliells and plants be.iii.^ 
freq[ueBtly mixed up with its true auarine inhabitants. 

Professor Forbes enumerates from the Jlgeaw Sea 38 species of the bamelliliran- 
chiata and 107 of the Grasteropoda. 

Second Regimi, — It extends from 2 to 10 fatho,ms, and the sea botlejin U generally 
either sand or mud. In the Mediterranean, the Hoiothurhe abound in this ri'gi.ai, a ., 
do the burying Gonchifei^. 

In the .$gean this zone produced 34 species of Lamellibrancluata, aiul of tlie 
gasteropoda 76 species, so that the number of species is considerably less ilsau iii ilie 
preceding zone ; and it may also he observed that not being entirely beyond the 
action of the storm wave, its inhabitants are often washed up and earrii-il into the 
littoral zone. 

Third Region. — From 10 to 20 fathoms, the sea bottom being generally gravelly in 
places, with great tracts of sand. This zone p*esoiits few pccuiiariries, and Is, an it 
were, one of transition. Large Holothurim are still abundant, — of Laiucllil-ranchhita 
there aro 51 species in the iEgean, and of Gasteropoda 74. There is little d-mbt 
that the extension of the muddy sea bottom of the last ztme into this, leads to an 
approximation in the zoological charaofeers of the two zones. 

Rourth Region,— ’"BTom 20 to 35 fathoms. The sea bottom is very yarkuis, niiitl and 
gravel prevailing, sandy tracts being very rare. Sponges abound, some of the fiiicst 
used in commerce growing here. Amongst Fiici, Codium bursit is fpioted in this zone ; 
it occui's, however, in the preceding in the channel of Corfu. 

Of LamellibrancMate species the iEgean yielded 67, of Gasteropoda SS ; in respect 
to which some cautionary remarks are necessary. Bentalium rubescens, which occurs 
in the foui-th zone, appears also in the first, but not in the second or third : such a 
distribution seems to imply a mere local result, as the depth of the fourth zone is such 
as to remove its species from any action but that of currents, and these must have 
passed the species over the intermediate zones, had they been thus disturbed iind 
moved. Aporrhais pes-pekcani occurs highly develoj^ed in the tliird and fourth zones, 
but not in the second ; but it is highly probable that in other localities it would lus 
found in the second also. In this region the Brachiopoda first appear, yithling two 
species. 

Fifth Region.— ‘’From 35 to 55 fathoms, presenting a well-marked fauna. Tiie sea 
bottom is generally nullipore and shelly, mud l)emg rare. Of Lamcllibruncliiata, in 
the Jigean, it produces 58 species, —of Gsieteropoda 79, and of Brachiopoda 4. 

Sixth Region.— From 55 to 79 fathoms, nuUipore being the prevailing sea kdtom. 
Fuel have become very 6ca,rce. Of Lamellibranchiate Mollusca 48 species, and of 
Gasteropoda 43 species, were observed in the iEgean, and of Braehiopi*da 5. Tec-. 
tunculus pilorus is given at its full development, and it occurred also in the 
fifth zone ; but there can be little doubt that it exists also in much higher 
zones. 

Seventh Region, — From 80 to 105 fathoms, — has a characteristic fauna, with a sea 
bottom generally of nuliipore, and more rarely of sand or mud. Herbaceous Fuel 
have disappeared, as also Mollusca tunicata. Echynocyainus amongst the Echinida 
occurs frequently alive, but its range extends much higher, as it is nut unfiequently 
found alive in the third region in the channel of Corfu. 

The Lamellibranchiata yielded only 33 si>ecies, and the Gasteropoda 42 ; but the 
Brachiopoda were here increased to 7 species. 

EigMh Region — ^includes all the space below 103 fathoms, and extends to the depth 
of 230 fathoms, having an uniform and well- characterized fauua, distinguished from 
all the preceding by species i^eculiar to itself. Within this region the number of 
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species and of iiidividtials diminisbes as tlie depth increases^ pointing to a zero in the 
distribution of animal life not yet arrived at. 

The Lameilibranchiata amounted to 30 species, the txasteropoda to 23, and the 
Brachiopoda to 3, Of these, only 8 of the Bamellibranchiata were tahen alive, and 
3 of the (xasteropoda, — all the Brachiopoda and 10 Pteropoda, &c., in addition, being 
dead. Of the Gasteropoda, 17 species, with 23 liamellibranehiata and 3 of Bra- 
Ohiopoda, occTirred at depths between 140 and 180 fathoms; 4 Gasteropoda, 11 
Lameilibranchiata, and 1 Erachiopode, between ISO and 200 fathoms ; and only 1 
Gasteropode, 4 Lameilibranchiata, and 1 Brachiopode, above 200 fathoms. 

The zero of animal life is supposed by Professor Forhes to he nbout 300 fathoms, 
the sea bottom being mud without orgauic remains, 

” It is found on examining the species with reference to their OQCui-rehce in other 
countries, that those which appear to have existed in a greater* number of zones yield 
a higher per-centage of Celtic or British forms than those which are confined to a 
smaller number of zones; for example, of those which are common to four or more 
zones, -|rd are Northern, whilst of those which range through less than four i-egions, 
Only a little aboVe ^th are common to the British seas. And from these fiicts this 
general law is deduced, — That, tlie extent of the range of a specm in dejitth is corre- 
sponclent with its geographical distrihution. 

Professor Forhes gives the following Table to illustrate another important consi- 
deration in respect to the distribution of species ; namely, its variation as regards the 
different families of Testacea. 


of British Borms in the several Zones of the JSgean Sea, 


PAmLIEB. S 

I. ■ 

n. 

m. 

IV. 

Y. 

VI. 

VII. 

Vllt. 

Multivalves i . . , . ; . 

1 

0 

... 

1 

1 

1 

1 

0 

Pateiiiform univalves . i . . 

0 

1 

2 

2 

2 

2 

2 

0 

Tubular univalves . . , * . 

1 

1 

0 

0 

0 

0 

0 

0 

Holostomatous spiral Univalves . 

12 

9 

13 

16 

14 

11 

8 

4 

Siphonostomatoiis spiral univalves 

4 

6 

7 

8 

9 

6 

5 


Testaceous Pteropoda and Nucleo- 
branchiata 

i- 


... 

... 


... 

0 

0 

Brachiopoda ^ 




0 

0 


0 

0 

Oonchifera and Lameilibranchiata. 

16 

1 25 

28 ; 

39 

31 

19 

11 

7 

Total . . . 

34 

I 

50 

66 

59 

39 

i 27' 

13 

Per-centage , 

23 

32 

40 

41 

42 

33 

31 

20 


From this Table it appears that the least per-centage of the whole number of 
Testacea is found in the highest and lowest zones,— the greatest in the 3rd, 4th, 5th, 
and a medium per-centage in the 2nd, 6th, and 7th. 

The cause of these results may be traced to the small range of some species, as may 
be observed on comparing the number of British forms in the preceding Table with 
the total numbers in the following. 
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DistTihution of'JBtjemi ShelU 'in Depth* 


FAM3LIKS. 

Total 

I. 

i H. 

— 

3II. 

f IV. 

V, 

VI, 

’VIl. 

vin. 

Multi valves . , . , . . . 

7 

3 

‘ 2 

0 

■ ! ■ 

2 

2 

: “ 

1 

1 

0 

Patelliform univalves . . . , 

20 

11 

! 3 2 

3 

5 

6 

6 

1 

Tubular univalves , . , . . 

6 

4 

] 4 

2 

2 

1 

1 

2 


Holostomatous spiral univalves 

115 

50 

40 

40 

44 

35 

28 

17 

15 

Siphonostomatous do. do.. . . 

104 

40 

27' 

30 

41 

36 

SO 

16 

5 

Testaceous Pfeeropoda and Nucleo- ^ 
branchiata . . . . . . , : 


1 

0 

0 

0 

0 

0 

3 

12 

Brachiopoda , . . i 

8 

0 

0 

0 

2 

4 ' 

5 

’ 7 

3 

Conchiferaand Lamellibranehiata , 

135 

33 

53 

52 

68 

58 

48 

34 ’ 

28 


407 [147 

,129 120 

162 

141 ^ 

119 

8G 1 6t! 1 

t ,1 


And it 13 evident, therefore, that the G-eoIogist, in his rcMonings on the fossil fainiai 
of past epochs, mnst take into consideration not only the total number of species, Imt 
also the number of species in each family, in order to arrive at safe coticlusions as U 
climatal changes ; and in doing so he must also bear in mind the great hiduenee of 
the sea bottom in determining the presence of certain families of Testocea. 

It will be readily believed that these zones of depth must be the scene of incessant 
change, as in one place the mineraV matter is washed away, and in another it is 
deposited, increasing or decreasing the depth ; and, in like manner, the same edbcts 
may be produced by the depression or elevation of the sea bottom from movements of 
disturbance, movements which are still continuing, and which were so powerfully 
exhibited in ancient epochs. In this manner the lateral distribution of a species is 
often arrested by a change of the sea bottom, and its total annihilation produced by 
a sudden alteration of the depth suited to its existence. When the change is only in 
depth, those species which have the power of existing through a great range will 
continue to live, whilst others will dwindle away and die ; but when the change of 
depth is accompanied by a change of sea bottom, the effect will be at once a dimmution 
in the number of species, and also a cessation of some of the families. Professor 
Forbes has also remarked that the long-continued and undisturbed existence of Testacea, 
on any ground, must, by the accumulation of their dead d4bris, reader that ground 
unfit for the continuation of life until it has been covered with a new layer of sedi- 
mentary matter, uncharged with organic contents,-^ so that beds rich in organic 
remains may alternate with others containing none ; a phenomenon well known to the 
Geologist. Every species has, according to Professor Forbes, three maxima of 
development,— in depth, in geographic space, in time. In depth, it is at first repre- 
sented by few imHviduals, which become more and more numerous, until it has 
attained that precise zone where all circumstances most favour its growth, when it 
be^s to diminish in number, and at length disappears. So, also, in geographical 
' Wge, It multiplies until it has attained the climate most suitable to its growth ; and 
geological range, a sinailar maximum may be observed ; but in this case it 
® continuance of a specific form ought genemlly to corre- 

^ re^onings to former epochs, the Geologist must bear in mind that 

W a^'^been then, as now, a beginning and minimum of development of 
^ ^ section of a formation, an increase in its development, 

^ r proci^ ' ‘ ^0!^ creation, until it had attained its maximum, and 

en a gr . minimum. • The modification or destruction, by 

w a ever cause xi may h,Wpe 'ton produced, of the fauna of a formation, was not 
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tKerefore always coineident witli tiie duration of a species, but often took place wBen 
it was at its maximum of development, as is strikingly exhibited in the fauna of the 
Chalk, and has been pointed out in the remarks upon the various genera formed after 
the type of Ammonites, which, having attained a very high degree of development, 
were abruptly cut short, and ended with that formation. The study of the sea 
bottom, as manifested by the nature of the mineral deposits, and the classification of 
the genera and species according to the probable depth of their usual habitat, must 
necessarily imecede any deductions as to tbe climate and position of the deposit. Nor 
must it he forgotten that the limits of the several zones of existence may in the faunse 
of former epochs have been greatly modified by climate . 

Palaeontology, viewed as a branch of Zoology, has not only brought before the 
Geologist proofs of the existence of numerous forms of organic beings, which wau-e 
associated together in groups, and which have since passed away,— but has also 
enabled him to reason with certainty, by refei’ence to the natural characters and habits 
of extinct animals and plants, on the varying mineral conditions of each successive 
stage in the Earth’s History. He is perhaps surprised at first to find, how large a 
share organic beings have had, by their debris, in the formation of those stratified 
deposits which seem to the uninstructed only crude masses of mineral matter ; but 
when he has discovered order and design in their structure and distribution, he traces 
in them the power and wisdom of the Creator, as manifested at successive epochs in 
peopling the world with beings suited to its actual state, — and, finally, he observes, 
that Man appeared just as every part was so nearly balanced that it was in the 
power of an intellectual being to maintain his position safely and securely ; the recent 
discovery of flint weapons, fashioned by the hand of Man, either associated with the 
relics of long extinct animals, or in deposits below them, proves that this appearance 
took place certainly within the Tertiary epoch, though it does not afford sufficient data 
for determining the time of his creation. 

Paleontology has thus enabled the Geologist to discover from the abrupt disappearance 
of whole families of organic beings, even if he had not been aided by stratigraphical 
disturbances, the epochs of great cosmical revolutions, just as in the peeuliar distri- 
bution of ancient animals it has given him a clue to the discovery of every feature of 
each successive phase of the earth : guided therefore by Paheontology, his eye is 
carried over the sea shore, the deep sea bottom, the coral reef, the estuaries of the 
oceans of ancient worlds, of which he becomes at once the Natural Historian and the 
Geographer. 

PALIS ADES , form one. of the auxiliary moanS' of de.fence'in Permanent and Field 
Foi-tiflcation : in the former they are usually planted in the covert- way, and in the 
latter in the ditch of a work. The palisade is a necessary security of the covert-way, 
and the covert- way an important part of permanent fortification, if the ditches are 
dry, to prevent surprises, and facilitate and support sorties. To fortresses, citadels, 
and large forts with wet ditches, it is questionable if the covert- way is necessary, and 
dispensing with the palisade is a great saving of expense, as wood is a perishable article, 
except to the couvre-portes, or works covering the entrances and bridges. 

In respect to the palisading of the covert-wmy . of permanent works with dry ditches, 
several writers, among whom is Oarnot, propose to omit the covert- way in their con- 
struction, and to substitute the glacis co/i!5re-pe?iife (see page 47 of the second 
volume of this work), arising from the objections to the palisade, on account of the great 
cost, and its being liable to be destroyed by the enfilade batteries during a siege ; but 
this part of the objection applies only to the fronts attacked, perhaps not more than 
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or |tli of tlae wHole enceinte. Cainot^s intention was to :iiset airaixe passive i\ sis.tn nee, 
and afford the garrison of a place the means of tnniiiig the defensive iiittt oih-nsive 
waVj which in very large fortresses is of great importance, Ilowevu', wht-re tin re is a 
covert-way, palisading becomes indispensable, and the palisade h nsnally fixed ilu: 
bancjnette, about one foot from the glacis, and standing about < *iie ftx>t above th*' er* •.-t. 
!fhe palisade may consist of young trees, cleft in two, with the fat sides spiho! iui-.- a 
riband placed at the height of the covert-way, so that the soh-bk-r easi rest Ids musk?, t 
upon it ; or it may be of young trees : in either case, the lower end is ]i!aiitcd Ihriily 
8 or 4 feet in the ground, and the upper end connected by the riband <fi seantlitig v-r 
split timbers. ' When the timber runs large, it is better to con- 
struct the palisading of frame-work, sawn into leiigtliB of a'kmfc 
8 feet and 8 inches square : these %vill serve for posts. 
Smaller scantling of 4 i inches square, and It) feet long, sawn 
diagonally, as explained in fig. 1, form the rails and |ialisatles. 
(See figs. 2 and o.) The palisading is formed into liays alioiit 
10 feet from centre to centre, with the two rails t'Cimneil into 
the post. 

Oak and fir ai*e best suited for palisading. 

It has been proposed' -(see- the 9th volume of Pitift-ssional Papers'! to frame the 
palisading in such a manner as will facilitate sorties, in a beiti-r manner than barrb r 
gates, and protect better the troops returning into the covert-way. This may Iv, d.mc 
by placing one or more bays on a pivot or gudgeon fixed to the posts, and secured at 
top by a bolt, the gudgeon being on the bottom rail and the bolt ui>on the uppm* one. 




The section of this nohsiruction !s shewn in fig. 2, u h being the post, am! <* d 
the palisade, sloping back against the crest of the glacis ; the ribands, of wliicli 
an additional one is placed in the centrci, serving irs steps to mount upon the 


Fig. 8. 
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'glaci's. ' 'This contrivance is • less 
expensive' 'than" "the" 'ordinary way 
of providing for sorties, and it 
does not diminish the security of 
the covert-way. The diagram 
(fig. 3) is the same in elevation, 
hut the gate or barrier is closed, 
fg being the gudgeons, and hi 
the bolts for securing the gate 
when shut. 


Palisading for Md-vrorks is seldom of timber sawn into scantling, but is constructed 
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of unhewn timber of trees suited to the purpose, planted firmly in the ground, and 
connected above with a riband, into which the palisades are sjuked. 

The position of the palisading for the security of field fortification should be under 
musketry fire from the parapet, or from some flanking work, to command the ditch 
within a caponidre or gallery in the counterscarp ; hut these are seldom adapted to 
works of the moment. The positions shewn in figs. 53 and 54, Plates VIL and YIII. 
of Field Fortification, are best for the palisading of such works, so as to he seen from 
the crest of the parapet, and yet be partially secured from an enemy’s artillery. The 
palisading should not be of less dimensions than 6 inches in diameter, and from 10 to 
12 feet long, of which 4 should be fixed firmly in the ground. 

Sir John Jones, in his ‘Journals of Sieges,’ note 25, observes — “The French 
planted admirable palisades in the ditches and rear of their works ; each palisade was 
the rough stem of a young tree or the half of a larger one, fixed to a heavy beam four 
or five feet under ground. To cut through these palisades, in their usual confined 
situation, is a work of half an hour, and to force them impossible, so firmly are they 
planted ; they are therefore an excellent defence when covered from cannon,” 

In the article ‘ Petard,’ it will be seen that even this description of palisade is not 
* secure unless protected by musketry fire, — G. G-, L. 

PABAPET. See Fortification, Field. 


PASSAGE OF RIYERS. 

PAET I, — MILITARY OPEEATIONS AND CONSTRUCTION OF 
TEMPORARY BRIDGES.* 

1. This portion of the subject is intended as a sequel to the articles on Field Bridges 
given in the first volume: it has been obtained in fragments from various contribu- 
tors, and is now embodied for the purpose of affording all the iaformation attainable on 
so valuable a part of the duty of Military Men. 

2. The passage of a river by troops or carriages, even ■when they are not in the 
presence of an enemy, is often difficult, and generally causes much delay in the march ; 
therefore, as the success of a campaign, and security against disaster, often depend 
upon the rapidity with which a river can be crossed by an army, all the details 
connected with this operation should be well considered before it is attempted, so as to 
prevent unforeseen delay, and facilitate the calculation of the time required. 

3. If the river to be crossed lie in the country occupied by an enemy, the best maps 
and correct information should be procured, and a careful examination made of that 
part which is likely to be the scene of operations,— noting the source and its mouth, — 
whether it flows to a sea, lake, or a large river, — ^the points where it ceases to be 
fordable and becomes navigable,*— where it is joined by tributaries,— the nature of 
those tributaries, — the places where the river changes its direction, —the towns, 
villages, and houses on its banks ; also the nature of the bed of the river ; its extent 
during the flood and during droughts, with the cause of the variations ; whether there 
are means of inundating the country, and whether there are any dikes, dams, or 
canals, and the effect if these are destroyed ; the nature of the mouth of the river, if 


* By Major Gibb, Roytd Bngineera. 
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there is, a bar, and whether fordable ami shifting. In the event nt any iuiiiirtliaie 
operation being eoatemydated, the effect of the tides ami winds shuiild eons.ideri'‘.i ; 
if there are any islands and sand-banks, whetlicT they* obstruct tu’ would lacilltate a 
passage ; and if the sand-banks are liable to shift ; — the heights of the bunks of rh*t*rs 
should be noted and sketched, if lavourable for a passage, and infin’iiiatioii obtaiiict! as 
to the means of' 'collecting boats or materials for the cansiruclittn t*f a bridge or 
of rafts. 

4. The passage of a river in the presence of an enemy presents many diffieisltits : 
the point where it is proposed to effect it must therefore, if possible, be cuiiecaled from 
the enemy. In the determination of this point, the object of the campaign must be 
considered, the advantages which, after the passage, tlie opposite bank gives for the 
construction of a temporary bridge, and the security whicb tbe ground will afford, by 
the aid of batteries or other field-works, fflie banks of the river sliould not l.e marishy, 
and they should be accessible for carriages, 

5. In the selection of a point fur the passage of a river by an army, tlie rc-Mitcring 
angle or bend may in some instances be found to afford many advantages, as the 
opyjosite bank is more easily defended, tbc current of t ise river is less rapid, aiul tln re 
is a greater depth of water for a bridge ; and any island in the river gives facilities in 
crossing as well as in protecting the passage. 

6. If the enemy is in force ready to defend the passage of an unfordable river, tlu' 
operation becomes difficult, as the troops arc liable to be cut off in detail as they cross. 
Most successful operations are secured by stratagem, that Is, by deceiving the enemy 
as to tbe precise point intended to be crossed : this may be effected by ctfnitacneing 
operations at a point which may be changed when it is dark, and crossing at another 
point wdiicli the enemy has left unopposed. 

7. As regards the tactical part of this subject, the first operation is usually under- 
taken by detached means, supported by artillery, when tri>ops are placed in rtAv- 
hoats, or on rafts, collected in the neighbourhood, and passed t>> the opposite side of 
the river as hastily as possible, where they secure tliomsdves, taking advantage of 
localities to keep tlieix' ground until supported, "^rhen in sufiicient strength, the 
troops should intrench themselves, and be reinforced by artillery. Fords'" are 
times available in the immediate vicinity of a point selected for the passage of an arniy, 
which may serve for cavalry and light artillery ; but some caution i.s iieeussary in the 
presence of an enemy, as he may cross by the same means, and attack you in fiMiit 
and rear, whilst your force is separated by the river. The ])a^sugc by swimmingf will 
serve to assist in such operations, where the current is not raidd or the banks abrupt : 
the direction of the crossing should bo with the stream, toking advantage of cross 
currents and eddies, and keeping cleiir of rocks. The infantry may convey their arms 
and ammunition on rafts, or on inflated skins, or piteliers securely connected ; or they 
may take with them a rope supported by cork floats, or any other material inflated. 
The cavalry should take care, in swdmming their horses across, tu allow them jH.‘rfeet 
freedom of motion, the soldier keeping his legs back, holding steadily by the mane, and 
directing the horse with a light hand. If boats or rafts are used, the horses can swim 
astern, with their halters attached to them, in all cases taking care that they have 
plenty of room to avoid touching each other. 

8. Before closing these slight preliminary theoretical notices on the i)assing of troops 
over rivers, the subject may be considered as strategetic or as a tactical operation. In 
the first case, the means adopted for passing a river must be of a substantial nature. 


See article ‘ Ford. 
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and a certain degree of permanency must be secured, to stand tbe effects of tbe 
weatber, and tbe probable floods of riyers wbicb generally follow tbe wet season ; and 
tbe security of tbe bridge or ferry against tbe enterprises of an enemy is also an 
essential consideration. Should tbe passage form one of tbe main roads for tbe supply 
of tbe army, or tbe line of retreat in case of any retrograde moyements, great care 
must be taken to secure it from any possible disaster.* In tbe second case, considered 
as a mere tactical operation, tbe passage of a riyer will probably be for temporary 
purposes for tbe moment or for a few days, when tbe means requked may be slight, 
and tbe celerity of tbe operation of tbe fii'st importance, tbe defence of tbe passage 
becoming unnecessary. All well-organized armies are furnished with a bridge 
equipment to each corps, at least, with one for tbe advanced guard ; but whether tbe 
passage is formed of materials obtained on tbe spot, or by a bridge equipment, they 
are usually removed after tbe passage is effected. Up to this date (1860) it does not 
appear that tbe means of passing rivers bave been brought to perfection, nor are 
bridge equipments of a sufficiently portable nature to accompany corps and detacb- 
meuts in rapid movements in difficult countries. Field Bridges are still cumbersome, 
and a large establishment of men and horses is required to transport tbe equipment. 
In tbe British Service, in fact, there is no fixed establishment for effecting tbe passage 
of rivers. 

9. Mules for asceriaimng the Width of a Miver; Ist^ without Instruments, 

To ascertain tbe inaccessible distance A x (see fig. 1), measure any convenient 
length A c or A g' in tbe prolongation of a x j and if tbe ground will admit of a line 
being laid down perpendicularly to tbe right or left of A, ‘measure tbe triangles A b o 
or A b' 0^, making tbe sides in tbe following proportions ; viz. a b = 4, A o = 3, 
and 0 B = 5, and prolong A b to any point jd ; then lay down n o in tbe same way 
perpendicularly to A n, and fix a mark at a point in it which is in the prolongation 
of B X, 

Fig. 1. Fig. 3. Fig. 2. 




Then as b d : b A : : n o : a x. 


Or (see fig. 2) measixre a n in. any convenient direction, and makeo c equal to it, 
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also measuring n o ecjual to A c, and then fix a mark at B in tlic proloiigatit 
and 0 0 . 

Then, as B o : n A : : n o : Ax* 


2ndl^, 'icith a Sc^dantj or Thmlollft:. 

The lines may he laid down as in fig. 1, taking care to make tlie angle B A '1 — 
B n 0, and the calculations may he made as before ; or measuring A B as a I tisei 
and ascertaining the angles x a u and x b A, the distance , A x may he fcuinil bj 
trigonometry. 

10. To find the weight which a???/ floating hody will support, first ealenlate the 
number of cubic feet of water displaced by it, which for solid timber and aii'-tight 
cases may be considered e^ual to the entire btilk j but for open boats, wliich eaum-t 
be safely immersed lower than within 9 inches of their upper surfaces, the brdk 
that level can only he calculated on. Multiply the numher of cubic feet t»f water dis- 
placed by 1000 for fresh water, and by lOilt) for salt water, whieh will give the weight 
in ounces : from this must be deducted the weight of the body itself witli the 
structure, and the difference will give the weight which can be suppiuied. The 
weight in ounces of the materials is found by ealeiilaliiig their cubic feet, and nndti- 
plyingthat by their specific gravity, which for oak is OfiO, for elm 070, and fnc male 
fir 580 ; but it must be remembered, that if timber be not tarred, its weight will be 
increased -Ith by imbibing water after being immersetl twm or three days. The weigh 
pressing upon a bridge during the passage of infantry four deep would be that of 20 
men, or about 3600Ibs., on a length of 12 J feet. Two cavalry horses abreast, with 
their riders leading them, would occupy 12 feet, and the total w’eight would be abou 
26 40 lbs. A medium 12-pr. brass gun and its limber ocetipies 14 feet without tim 
horses, and its weight is about SOOOIbs. including tbe limber and ammunition. A 
brass 9-pr. or 24-pr. brass howitzer weighs about 4200 tmd a light 6*pr. or r2-pr. 
howitzer about 3003fi>s. (For the weights of Ordnance and Carriages, see the first 
volume.) 


In crossing temporary bridges, cavalry should always dismount, and infantry shonld 
never be allowed to keep step : cattle should be driven over in very small numbers at 
a time* 


TEMPORAKY BRIDGES. 

11. The following resources for facilitating the passage of troops across rivers are 
added to the article * Bridge, Field.’ 

Large trees may be felled to enable infantry to cross a narrow 8ti*ea!n, placing 
them so that their butts may rest upon the banks with the tops directed obliquely 
up the stream : if one is not long enough, others may be floated down so as to 
extend across, being guided and secured by ropes : a footway may be formed by 
planks or fascines or hurdles over them, and their branches should be 
chopped off nearly to the level of the water, and interlaced below ; poles also may 
be driven into tbe bed of the river, to aid in supporting the trees by attaching the 
boughs to them. 

12, Wheel carriages may be used to form a foot-bridge, if the river is not too 
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deep, being ptisbed or banled into tlie stream, and connected by beams ; or a single 
pair of wheels, with an axle-tree to admit two sti-ong posts, may be attached and 
placed in the centre of the stream, if not too wide, and poles reacMng from each 
bank may be secured to the posts, and the w^heels would act as a trestle : with a 
dooring over the poles, a slight bridge could rapidly be constructed. 

13, A Wicker JBridge ,^ — The bridge across the 2ab at Lizan is of basket-work ; 
stakes are firmly fastened together with twigs, forming a long hurdle, reaching from, 
one side of the river to the other. The two ends are laid upon beams resting upon 
piers on the opposite banks. Both the beams and the basket-work are kept in 
their places by heavy stones heaped upon them.d* Animals, as well as men, are able 
to cross over this frail structure, which swings to and fro, and seems ready to give 
way at every step. These bridges are of frequent occurrence in the Tigari 
mountains.’’ 


Fig. 4, 



\Yickei* Bridge acro^the 5Jab near Lizan. 


14, Coracles or Hide-ioats^ &c., have been used in India and elsewhere. Bor 
military operations on the rivers of the American prairies, they are made of four 
bufialo hides, strongly sewed together with bufialo sinew, and stretched over a basket- 
work frame of willow, 8 feet long and 5 feet broad, with a rounded bow, the seams 
being then covered wdth ashes and tallow : after being exposed to the sun for some 
hours, the skins contract, and tighten the whole work. Such a boat, with four men 
in it, only draws 4 inches of water. They have been found very useful in the passage 
of rivers in Southern Africa. Skins of bullocks were always obtainable j these were 
stretched over a rude frame- work made from boughs cut on the banks of the river. 
They were consti'ucted of two sizes 

1st, Nearly similar to those now in use in Wales. One or more were employed, on 
commencing the passage of the river, in getting the rope across the stream to work the 


* From * Nineveh and, its Remains,’ by A. H. Layard, Esq. 

t Fox' Or military operation, probably a rope extended across the river on each side of the 


hurdles would be better. — JSd. 




raft of casks, aad afterwards in lielping tlie bullock waggons across, or in ferryi:ng oTcr 
men or small stores. 

2nd. Tlxe boat was often increased in size, so as to bold two or tbreo men. Tbe 
arms and ammunition were ferried over in tbem, Tbe raft of casks was by this means 
enabled to be dispensed with, tbe remainder of tbe baggage being taken over in the 
bullock waggons. Yalnable time was tlius saved in ferrying 4uu or 500 men over a 
swollen river. 

15. Infiuted Shins have been used since tbe earliest times for crossing rivers ; and 
if four or more are secured together by a frame they form a very baoyant raft. Can nUf 
rendered waterproof, and stretched over a frame- work or wicker-work, will serve 
also as a raft or pontoon. The detachment of Eoyal Sappers and Miners at Sandhurst- 
made some wicker-work or gabion pontoons in the following manner : Light priks were 
fixed upright in the ground in a circle, and brush-wood wea'ced upon them exai'tsv 
as is done in making gabions, a scaffold being of course required for ihe wswkmcu tt» 
stand xipon wken the weaving was too high for them to work from the ground ; and 
the conical ends -were added aftenvards, made of the same materials. \VliCii the 
canvas was stretched over this wicker-work, it was payed over with a coinpositoMi of 
pitch 8 lbs., bees’ -wax 1 Hi,, tallow^ 11b., boiled togefcber, and laid on quite hot; the 
cracks which appeared on its hardening l>eing closed by means of a hot iron. 

16. Pile Bridge ^ — the 16th July, 1809, two companies of the Staff Corps 
were directed to make a bridge across the Tietar Eiver, near Placentia in Siiuiu, 
where the profile of the river was found as explained in the following diagram. 


SECtrON 


ELEVATION 


luauLii: 




The dotted lines show the water level. 

“ The only materials at hand were the timber of a large house about half a mile 
from the place. This building was unroofed and the following were found available : 

6 beams of dry fir, 2 feet square and 20 feet long j 
400 rafters, 6 by 4 inebes, and 10 feet long ; 

6 large doors; and 
200 running feet of mangers. 

“Of the six large beams the raft b was made by boring holes through the centre 
of each, towards the ends, and passing ropes through them ; this raft w^as placed in 
the deepest part of the stream, and the broad ends turned towards the current ; one 
end of the rope was made fast to a tree on the bank, and the other to a stake. A 
working party of 500 men, with saws and axes, were sent to a distance of three miles 
to procure young pine-trees to cut the piles and caps, as shewn at o in elevation and 
section of diagram ; and the horses,* ten in number of two piles each, were fixed as 


It bas been explained in another part of this work, that among carpenters and sawyer 
tlie horse has only two legs and the trestle four. 
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explained at c ; the bearers e, p, q, h, i, k, n, made of tlie baulks, were laid on tlie 
caps of the horses, cut into scantling of six inches square. The flooring of the bridge 
was made of the doors, mangers, and rafters, which were found sufficient.” * 

17. Temimrary Bridges of Qm% and Mortar Platforms, — ^As the power of crossing 
streams which separate the various corps investing a fortress, or placed in position to 
resist an attacking army, is often of vital importance, and may even decide the result 
of a campaign, Lieut. -Colonel Bainhxigge, Eoyai Engineers, has suggested, that when- 
ever materials for gun or mortar platforms are provided preparatory to the attack or 
defence of a fortified position, or any fortified place, they should he prepared in such 
a form as also to admit of their being made use of for the constriction of bridges, 
rafts, &c. To attain this object he has proposed that they should consist of baulks 
10 feet long and 4 by inches, adapted to the construction of_^ platforms. similar to 
those invented t by the late Colonel Alderson, E.E., which may he rapidly framed 
into various kinds of bridges adapted to the nature of the streams to he crossed, by 
substituting for dowel-pins and holes, intended to connect them, iron or oaken pins, 
from 10 to 20 inches long, and | inch diameter, to receive which each baulk must 
have five holes |ths of an inch in diameter, bored through it at equal distances 
apart whereby they can he connected and formed into solid jilatforms ; and hy 
screwing nuts into the ends of the iron bolts, these baulks may be converted into 
bridges, without alteration or injury to their capacity for again forming platforms for 
guns and mortars j and the following different descriptions of bridges which can he 
made solely of platform materials were tried in 1846, at the Royal Military Repository, 
Woolwich, and were approved by the Officers of the Select Committee ordered by the 
Master-General and Board to report upon them. 

18. Firsts a Trimecl Lattice Bridge^ as sheun in the diagram below, fig. 6, having 
a span of 28 feet, consisting of two separate frames, which were put together on the 
hank and hauled into their places by ropes, — which might perhaps he facilitated by 
stretching hawsez's across, upon which they might slide ; five baulks were lashed 
across over the tops of these frames when fixed perpendicularly in tbeir places, 8 feet 
apart, so as to brace them together. Baulks were also placed with their ends resting 


Fig. C. — Elevation of side of Lattice Bridge. 



on the lower string-pieces of each frame, to support the flooring for the roadway, 
which, for want of a sufficient number of baulks, was composed of pontoon chesses : 
the holts were only applied along the top and bottom of each frame, as marked in 
the figure, thus requiring 72 bolts aud 102 baulks. An 18-pr. gun with its limber, 
weighing 65 cwt., was drawm over this bridge without causing any appearance of 
weakness, and other experiments shewed that a similar bridge, constructed with half 


* Notes from Papers of the late General Sir George Murray, Quarter-Master-General, 
t See article * Battery,’ voL i. 
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the proportion of crossed baulks m the side frames, an'.l viib a sp'm of 50 foci, would 
suffice for the passage of 6-prs.; and that probably, if tlie bjwer edu:es wrre streiigtb- 
ened with, additional baulks or ropes, l*2-pi\ gnus might cross wiih safety. 

19, Secondly, a Smpemmi Bridge . — The baulks of the platform wen,* lixed in strings 
as follows, spanning 32 feet, kid down 7 feet ap:irt, and ]jarallel : itanlks \vt,re al^o 


kid across the strings, so as to support tbe roadway : tbo ends of cacb string, having 
been hauled tight, as explained in tig 7, hy a block tackle, were secured by 
pickets diiven into the ground, against which the bolts connecting them re.sted ; but 
they might he attached to trees or to rocks, &c., if found more cimvcnicnt. Each 
set of baulks was connected with the ends of tlie next set by a single holt, therefore 
only 12 holts are required for this bridge ; and supposing (as in the lattice bridge) 
that the flooring baulks were placed 2 feet apart, and the roadway formed of planks or 
pontoon chesses, only 48 baulks are required for it. A 12-pr. brass gun, with its 
limber, weighing 36 cwt., was taken over it without causing any appearance of weak- 
ness, and one string of baulks was also loaded with 374 (equivalent to 75 cwt. 
on the whole bridge) without causing any effect except a slight depression resulthig 
from the yielding of the pickets, which were not su fficiently firm : these were fixed as 
shewn in dotted lines in the elevation of the bridge, fig. 7. 

20. Thirdly, a Trestle Bridge, om pier of wdiich, as shewn in fig. 8, is fir^t framed 
together and placed perpendicularly in its position by kuncbing it out frtnu the 


Fig. 8. —Trestlo Bridge. 

Side View of Pier. End Tiow of first Pier. 


The trestle, when framed as above, being loaded at the bottom 


over two poles. 
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of being paddled about for tbe purpose of casting aiicliors^ &c. (see lig. l O), and crm 
packed in a box 5 ft. x SJ ft. x 1 ft. 


Fig. 10.— Plan of India-rubber Bridge. 
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23. “ Tbe India-rubber pontoons are made of India-rubber clcitli, and consist eaeb 
of three tangent cyHnders, peaked at both extremities like the ends of a canoe : 
the ends are fir^y^nnited together by two strong India-rubber ligaments which 
extend along their lines of contact, and widen into a connecting web towards tbe 
ends, in proportion as these diminish,— tbe whole thus forming a single boat 20 feet 
long by 5 feet broad, of great buoyancy and stability, and from its funn and liebtness 
presenting but trifling resistant to tbe water. Each cylinder, including its peaM 
extremities, is 20 inches in diameter, and is divided into three distmet air-tight 
compartments (see % 11), each of which has its own indating nozzle. The mithiio 


Fig. 11.— Side View. 


The dotted lines show tlie coinpartnionts. ' 

the whole width of the roadway of the bridge. Tbe pontoon 
rass, as shewn in detaU in fig. 12, and are in two parts, the 
inner screwing into tbe latter, to open or close tbe nozzle ; the 

n of Nozzle. Fig. 13— End View. 


iers of different diameters, but haring the same axis. The 
ider, with four circular openings on the sides, fat tbe 
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ingress and egress of the air, and is closed at tlie lower base by aflat cap, a little 
larger than the diameter of the cylinder, so that the projection catches against a 
small side-screw, to prevent its coining out ; though, by first removing the screw, the 
stopple can be taken out if necessary . 

24. The Frame and Roadway of an India-rubher Pontoon ,- — The frame lies on 
the top of the pontoon, to which it is lashed (see figs. 10, 11, and 13), and serves as 
a means of. attaching the baulks to the pontoon, and preventing their chafing it ; the 
baulks are of white pine or spruce, 19 feet long, 4|-" wide, and 4^'' deep ; the chesses 
are also of white pine or spruce, 13 feet 9 inches long by l-J foot and l -J inch. (See 
figs. 10, 11, and 13.) 

25 ^^Manufacture of India-rubber Pontoons , — The pontoons are made of two 
thicknesses of strong, heavy cotton dnck, coated with metallic rubber, the outer 
thickness being coated on both sides, and the inner thickness on its outer side only, 
making three rubber surfaces or layers. In preparing the caoutchouc gum for coat- 
ing the duck, it is first cut into small pieces, and carefully washed to rid it of 
all dirt and impurities, and is then passed between two grinders, iron cylinders 
revolving with different velocities, and heated by steam to about 150° Fahrenheit, 
and then mixed with white-lead and sulphur, in the proportion of 25 tbs, of gum, 
10 lbs. of white-lead, and 3ft>s. of sulphur. When the rubber becomes, plastic, and 
is well mixed with the sulphur and white-lead, it is laid aside, and, after a few days, 
is again passed through a second series of revolving cylinders, more neaily in contact, 
and heated like the first ; and after it is made perfectly homogeneous, and about as 
soft as putty, by this second giinding, it is passed throngh a third set of revolving 
cylinders, longer than the width of the duck to be coated. Upon one of these cylin. 
ders a thin sheet of rubber is formed, which is brought nearly in contact with another 
cylinder, over which the duck is passed from a drum round which it is wound. By 
the compressing power of these cylinders, the rubber is so forced into the meshes of 
the duck, and firmly united with its surface, that it cannot afterwards, without diffi- 
culty, be removed. In like manner several additional thin sheets of rubber are placed 
upon the cloth. The coating of the other side of the duck is similarly executed, and, 
if designed for the outside of the pontoon, a little colouring matter is added to the 
rubber, to make it dark, the natural colour of the gum being a light yellow. Inflating 
nozzles, one opening into each compartment, are inserted in the pontoon : the bellows 
for inflating the pontoon does not difi'er, except in the formation of the nozzles, from 
that in orffinary u.se. 

26. Repair of India-rubber Pontoons , — The greatest danger to which these 
India-rubber pontoons are exposed is that of being perforated by the musket-balls of 
an enemy opposing the passage of a river. Should a shot-hole be made in a pontoon 
while forming the bridge, it may be temporarily stopped, without removing the 
pontoon from its place, by an India-rubber patch, a few of which the pontonier- 
Serjeants should always have in their pockets. The patch is made of two circular 
pieces of India-rubber cloth, 3 inches in diameter, having a small hole in the centre, 
through which passes a string of soft cord, knotted at one end, which will completely 
fill the hole. One of the circular pieces is crowded into the pontoon, and drawn tight 
against the inside of it by the patch-string, where it is kept in its place by the inner 
pressure of the air, while the other circular piece is slipped over the string hard against 
the outside of the pontoon, and secured in place by tying a knot close to the outer 
surface of the patch. Larger holes could be stopped in a similar manner, but would, 
of course, require larger patches. For the repair of small shot-holes, the torn edges 
should be trimmed, making the opening of the inner thickness of the pontoon, say 
about an inch in diameter, while the outer thickness should be removed for a dia- 
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* lu the bridge constructed by Liout.-Col. NielioLsnn, R.E., across the Clogi'a, no.ar I’yr.-Ujad, 
in October, 18S7 (R.E. Corps Papers, vol. viii. p. 04), 75 boats oi’ various si/.os were cinplMycd, 
eleven of which were from 1500 to 2000 maujids, or about 50 to 72 Uum burth*r>, twenty t'nnu 
COO to 900 maimds (21 to 82 tons), and the remainder smaller. On one half of the bridge, the 
baulks of large scantling, or 8" ^<5", and 2u foot long, •were hu<i in the 't»rdiiiury wuy, 

five abreast, spaced out to support a roadway 12 foot wide, and covered with phinU, tho 
greatest bearing of tho baulks being 10 feet. In the ronniining ]H>rtion of the brhJgo tlu; boats 
were placed only 3 feet apart, their cross beams or thwarts were wo<lgod upundt-riHiath, baulks 
laid across the beams to obtain the satno level as in tho oUmr boats, and barnhen.«i wore then 
laid side by side, lashed to the thwarts, and covered with 1 J inch booi-da. No skilled labour 
of any kind was required, and the roadway was exceedingly light. As a test, some of tho 
bamboos were laid with a 10 feet bearing, and supported two large elephants standing .side by 
side, the width being, as before, 12 feet. When crooked, the bamboos were leaked in oil and 
straightened over a slow fire. The bridge was 470 yards long. The cables employed were 
made of long grass twisted on the spot, and the anchors were formed of pieces of timber halved 
together at their centres with bamboos stuck in them, and drawn together at top in fornt of a 
pyramid, matting being placed round them to retain the stone used for weighting the anchors. 
Major Crommelin, Bengal Engineers, at the passage of the Ganges in 1857, employed brvata of 
various sizes, but all flat-bottomed, with sloping sides, pointed at both ends, and rising siigiitly 
to stem and stern, from points distant from them about one-third of the boat’s length. These 
boats were from 80 to 50 feet long, and 12 to 15 broad. Tho peculiar feature of this bridge was 
the causeway, which was necessary on account of the great width of the muiukititm between 
the road and the main channel, varying from 2 to 6 feet in depth. For this purpose a number of 
platforms, which had been used for a road across the sands, were collected together. These were 
8 feet by 6 feet, and formed of 3" planks spiked to sleepers 4" square. In the more shallow x)arts, 
two rows of platforms were laid side by side on the bottom, and weighted with clods of earth. 
On these other rows were placed and weighted in like manner till the necessary height was 
gained, when all the top was well covered with grass to fill up crevices, and the whole covered 


meter of 3 inches, and all the oH gum (which, after being vnlenivized, will isni adliere 
to new) carefully scraped oiffrom the outer surface of the innor i]tickne.«.s ibr the s-aiip' 
diameter of 3 mches» and from the outer surface of the outer iliirknes> for a diauu'ter 
of 6 inches. The hole being thus prepared, three or fuur coats of India- rubber 
cement, thinned, if necessary, with a little camplihie, are put on the iii.^idc .surface of 
the pontoonfby the finger or a brush, for a width of about 2 iiudies ari-uud the ln-le, 
each coat*o£ cement being dried in the shade before the next is ]tut on. A piiteh of 
strong duck, 5 inches in diameter, and coated on one side with cement, is then 
adjusted on the inside of the pontoon, so that the centre of the pateli will correspond 
to the centre of the hole : a second patch, 3 inches in diameter, and coated with cement 
on both sides, fills the openings cut out of the outer thickness of the fjuntoon ; and a 
third patch, 6 inches in diameter, of yulcanized India-rubber cloth, coated on one 
side and cemented on the other, is put concentrically over all.’* 

27. Obserpatmis on India-'Tuhher Pontoom, — The equipment and management (if 
these pontoons are nearly similar to the means employed for i«ridgcs of a diilVrcnt 
kind, the floating portion constituting the only essential differonee ; and IIuh being 
light and compact when folded up, its transport will be ea.sily effected. Looking at 
the equipment of the whole in the Service of the United Skites' Oovcrimicnt, h 
appears too large and unwieldy to accompany an army, except in countries where the 
roads are good. As regards the fioating portion of these pontoons, several diagrams 
have been given to explain its nature ; and it presents so many advantages, tliat it 
will probably be adopted in our Service, vvith some modifications in the equipment. 
Similar pontoons were used by a party of Eoyal Sappers and IWiners under Serjeant 
M‘Leod, of that corps, at the Cape of Uood Hope, during Lieut. -Ueneral Sir Harry 
Smith’s expedition against the Boers in 1848 ; and by means of two of them, when 
formed into a raft, horses, artillery, and waggons were ferried over the Orange Iliver 
when in flood and very rapkl.”*^ (See also article ^ Pontoon,’ page 135 .) 
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PART II. — PERMANENT BRIDGES.^ 

This little essay is not intended for the experienced Engineer, it ha,Ying been 
originally written to afford a few simple rules to those who, without the advantages 
of professional edncation, are frequently called npoh to shperintend the constrnctioii of 
bridges in India, I have confined myself at present to the consideration of bridges 
of masonry as being most generally nseful, and I have used the plainest forms of 
calcnlation ; thus enabling any overseer, tolerably well acquainted with the rudiments 
of arithmetical computation, to solve the few problems required^ 

In calculating the thrust of the arch, I have omitted the effect of weight of the 
arch itself in steadying the pier, as the introduction of that element would place the 
question beyond the reach of Crdinary mathematicians. The treatise may be useful 
to local committees in the construction of ordinary bridges ; hut when large rivers 
have to be dealt with, the advice of a Professional Engineer shohld be tahen^ as 
there iare many points of local consideration which will occur to the practised mind 
alone. 

SECTibN I. — EQUILIBEIUSt. 

Equilibrium of an arch is that condition in which all its component parts balance 
each other, and are thus enabled to remain at rest without the aid of friction or of 
cement. 

In general practice it will be necessary to consider equilibrium merely as it affects 
the abutments or supports of the arch. This result of equilibrium is called ^ the thimst ’ 
of the arch. 

3. It is indeed possible so to construct an arch with roadway, that the fabric shall 
destroy itself : such was the arch built by William Edwdrds in his second attempt to 
span the iliver Taaf. His arch was a semicircle of 140 feet diameter. The deep 
haunches being filled in with solid masonry, proved heavy enough to force up the 
central portion, when of course the whole building fell. This is an extreme case, 
and could only occur with semicircular or Gothic arches, and of very large span ; 
and such arches may even be rendered perfectly safe by piercing their haunches with 
openings, or by using other methods (hereafter shewn) to lighten them. 

4. This overloading of the haunches is the greatest danger to which the arch itself is 
subject, and although it applies with little force to arches of fiattish outline, yet modern 
architects usually reduce the weight upon the haunch, not only with reference to 
equilibrium, but with a view to decrease the expense of the work. 

5. With the above precautions duly observed, and with others of form and thickness, 
&;c., which will be mentioned in their proper places, we may assume as a practical 
truth, that if an arch be properly supported at its feet, it will stand firmly. This 
leads us to the subject of Section ii., viz, ‘ the thrust of an arch.’ 

SECTIOK II. — THRUST. 

Professor Barlow has shewn that the lines of thrust in all arches follow certain 
curves which are of the parabolic class, the exact species of that class being deter- 

with & inches of earth, making a roadway 12 feet wide. In the deeper parts bmshwood was 
laid in in bundles and trodden down in a tolerably compact mass, yet still allowing the water 
to percolate. Over the brushwood the platforms were built up as before. The total length 
of causeway and bridge was about 1:|: mile CR*E. Corps Papers, voL vUi. p, 104:), — JS^d. 

* By Major-General Sir F. Abbott, O.B., Bengal Engineers. 
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mined Fy tlie nature of tlie loading, Tlie common paral'nla Iioweverj tlie inofet 
generally known ; and as its errors are all , on the side ot‘ saicty^ it is |i:irticiil;irly 
conYeaient for onr purpose : w^e may tlierefore assume thin ruK?. 

Mule. Tlie tbrust at any point of an areli Is always in tim direction nf a tan^vnt t j 
some parabola at that point. 

2. It is not necessary to exhibit here the several ruethnds of con'^tnietiiig a 
curve, the properties of W'hich are generally understood by TrulissiMnai Kujinetrs. 

3, It is found, on comparing the parabola with the circle, that tlic two curves very 
nearly correspond up to a certain length ; and that about (iO degrees of every circle 
may beprcEcfeca% assumed .as the upper portion of some parabola ; so that by eon- 
fining ourselves to the use of 60^^ of a circle, we have an arch, whose line of thrust 
may he immediately obtained % drawing a tangent to the circle, or a i^Tpendicnlar 
.from the radius at its intersection with the circle. Sc'e fig. 1, where a p b is an arc 
of 60°, and the lines A G, bk, perpendieular to the radii c a, c b, resj)cctive]y, are 
tangents to the circle, and represent the line of thrust of the areli. * 

4. Beyond the extent of 60", the 
Hnc of thnr>t l»ec.'mes tangent to 
4 that purubtda of which the arc A n n 

fmim the summit, ^V]^h.au ad- 

verting, in tl.is place, tc the im tlica 
/ b'"-, finding the thrust, we will see 

^ovv the are of 60° can he turned 

^ \ / to account in mo.st practical eases. 

In a segmental arch of 60° 
60® radius is equal to the span,-— 

'y..*— the rise of the are, or ^ versed sine,* 
\ / as it is called, is Udween Ith and 

\/ ^ran,t which, although 

^ Jess than is usual In' India, is com- 

rnon in Europe. 

longer radluH, so as to 

mk, we tave a substanbal arck in eiiniHbrinm, or of snch a nature, that if ead! of 
he arch-stones had its sides radiated towards the centre o, and if, instead of mortar 

I”" ” -O'*' j 

_ 7. Haying aseei^ined _the direction of the line of thrust of the arch, %. 1 or o 
*. e. the angle that this line makes with the horison, we can compute witlrtoleralde 

the arch pushes in a iLisonUi dSot 

^ JSak. Find the solid content of the arch from which its weight can he computed • 
then midtiplj half tbs weight by the cotangent of the angle of inchnation of the line 

thrustof the arch upon 


with centres 1 ^ ® compasses, a 

This aX' onirt“;!^r,?6r “if “i ■l.,3U7 
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8. To wort out tte question by lines, so as to avoid tlie use of Matbematical 


Tables, draw any vertical line AU ; from A 
draw A 0 , mating tbe angle bag equal to 
the difference between 90° and tbe angle 
of inclination that tbe line of tbi-ust makes 
wdtb tbe horizon. Set off on A B, from a 
scale of equal parts, half tbe w'eigbt of tbe 
arcb in pounds, cwts., or tons, from A to b ; 
draw J> E perpendicularly to A b, to cut tbe 
line A 0 at b ; then n b, applied to tbe same 
scale of equal parts, will skew tbe borizontal 
thrust. (See fig. 2. ) 


Fig. S 



SECTION IIL —ABUTMENTS. 

In figures 1 and 2 we have arches striding from bank to bank of the river, tbe 
natural soil being supposed to be firm enough to bear the weight and thrust of tbe 
arches. But as such soil is seldom found in practice, it becomes necessary to build a 
mass of masonry, called an abutment, at each end of tbe arcb, and these abutments 
must be founded upon substantial soil. 

2. If tbe line x y (fig. 3) represent a stratum of solid soil, clay, rock, or gravel, &c. 


Fig. 3. 



lying below softer earth, it 
would appear necessary merely 
to continue the parabolic curve 
down to the line xy: but 
in sucb a case an injurious 
strain would be occasioned 
by tbe superincumbent mass 
of earth; it is therefore ne- 
cessary to give upright abut- 
ments, although at a con- 
siderable sacrifice of mate- 
rial. 

S. The springing line of an arch , should be kept as low as possible, compatible with 
safety and convenience ; as by sucb precaution tbe mass of tbe abutment is reduced. 
The height of tbe springing line is, however, regulated by circumstances. Wbeii 
there is no traffic upon tbe river, tbe springing line may be a few inches above the 
highest possible fioods ; remembering that the construction of a bridge will frequently 
raise the fioods above any pi’eviously experienced. 

4. Where rivers are used for navigation, the abutments must be sufficiently raised 
to admit of towing paths ; and the arches must be suificiently elevated to allow loaded 
boats to pass freely beneath them. 

5. Any unnecessary addition to the height of an arch or an abutment not only 
wastes material, but causes either an awkward ascent or the necessity of additional 
approaches. '' 

6. Having fixed according to circumstances the height "of the springing line of the 
arch, as well as the height of the roadway, it becomes necessary to determine the 
thickness that must he given to the abutment, to enable it to resist the thrust of the 
arch. This is a very difficult part of the Engineer’s art ; and judging from the extra- 
ordinary diversity observable in works of the most celebrated architects it would 
appear that scarcely two «f them had been guided by the same rules or principles. 
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7. Aa alsutment may be considered as a compact niHss, a b c d, (fig. I,) liable to I 30 
moved from its position, either by being tnrned over on its Iicol b by the tlinist along 
^’jg- the line e c, or by sliding on it.s base a b. 

When tlie abutment is lofty, it will be im-re 
likely to turn on its bed ; wbeu low, it will 
^ 0 be more likely to slide. Resistance to tbe 

first motion is comparatively easy of cstl- 
mation. Resistance to sliding is a proWeia 
involved in mueb obscarity, for want' of a com- 
plete knowledge of tbe laws of fricticin ; 'we 
■ ^ caiij tberefore^in this latter case work' only by 

^ approximation. 

h. The resistance of the abutment agiiinsfe timiing on its bed n is undepcndently of 
the earth behind it) represented by the mass of the aliutment A b c t> multiplied ktu 
half its thickness, or half A B ; but if We suppose the arch and abutments be cum- 
posedof the same sort of stone and brick, wo may then dispense with solidity, and 
work by surfiices ; which method will be more eonvenient. ** 

9. The proposed method of determining the thickness of an abutment to resist the 
efibrt of an arch to turn it over, will be best illustrated by an example. 

10 . The abutment arch of the Hutcheson Bridge, Glasgow (fig. built by Mr, E. 

Stevenson, is a segment of 00 degrees of 


a eircIe,theradmsandspanlH,*iug€ael 
The line of thrust, which is tan- 
gent to the circle at the springing, forms 
therefore an angle of SO® with the hori- 
zon* ■ The thickness' of the arch is every- 
where 3^ 6 h The height of the spring* 
ing line is 17^, but the abutment U 
ejrrried up solid to a mean height 0 : 
20 feet. 

11. To find the thrnstof the arch, 11 
wilibe .requisite to ■■allow for the road- 
way, and occasional loading of the arch',; 
, j ' ■a«^i''when the material is atone, IS 'M^ 

. added 'to 'the' 'thickness of ^the arch 

cover all The arch then is 5^ thick, and the length of the half-arch is 35' ; ami 
-5 X 35 = 175' IS the area of the half-arch ; this, multiplied by the cotangent of 30* 
or 1 *732 =303 -I, is the horizontal force acting upon a lever 17 feet long ; therete 

the total force to be leaisted ty the pier will be 303-1 X 17 = 5152. 

12 . To find the thickness of abutment necessary to resist the above thrust,— ici 
H be the height of the abutment, and b its thickness; then h x b will represent ifa 
area ; and supposing this, as in the area of the areh, to represent the weight also, w< 
have to multiply it by half the thiokness, or half b (by the laws of the lever). 

Therefore H x B x J B or ^ . ^ ^ -will represent the vis inertim of the abutment. 

Now to make this just balance the thrust, we have the equation 

^“= 5152 ; 

from which the value of B will be found to be 19-6 or 19' 7 \ which is almost esmetly 
bas given to the solid part of his abutm#nts. 


= 5152 ; 
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13. The above thickness enables the abutment jnst to balance the arch and its 
load, but it is advisable to have a preponderance hr favour of the pier : this may be 
given by the addition of buttresses called ‘ counterforts.’ Mr. Stevenson has made 
those in the example before ns very massive ; they are two buttresses 17' long and 
12' mean thicknesSj with a horizontal counter-arch between them. I should, however, 
deem it safe to give four counterforts, each having a length equal to one-third or 
one-half of the thickness of the abutment, and a breadth equal to one-tenth the 
breadth of the same. 

14. The above example was taken from a number of plans of bridges, merely 
because the arch happened to contain 60® exactly. The Wellesley B^’dge at Limerick 
corroborates this theory very closely ; the calculated value of B being 13' 10", whilst 
the thickness of the solid part of the abutment, as executed by Mr. Nimmo, is 15' j 
and there are also three counterforts, each 6' long and 4' broad. But on the other 
hand, the Bridge of Jena in Baris, being a segment of 54' with a chord of 91' 6", and 
versed sine of 10' 9", and where the value of b is calculated at 28 feet, the architect, 
M. Lamande, has given the enormous thickness of 45 feet, or half the span of the 
areb . Such profusion of strength is not to be imitated. 

15. When the arch is elliptical, the line of thrust will be calculated as a tangent to a 
parabola from the point where the parabolic curve cuts the abutment produced upwards. 

16. With reference to the second mode of failure, viz., by the abutment sliding 
upon its foundation, Mr. Bennie’s experiments with roughly dressed granite seem to 
show that the friction with this stone is somewhat greater than half the weight ; and 
taking into consideration the tenacity of the cement, the resistance afforded by the 
two may, with safety, be considered as equal to three-fourths of the weight, if not 
fully equal to the whole. However, limiting the effects to three-fourths of the weight 
of the abutment, we will suppose the following case : 

17. Let fig. 6 represent one-half of a segmental arch of 60® — the whole span being 

100 feet, and the thickness of 
the arch, or depth of voussoirs, 
being 5 feet. The rise or versed •« 
sine will be 134, sur- 

face of roadway may be 2 feet 
above the key-stone, so that the 
total height of the abutment 
will he 134 + 5 -h 1 = 194 feet. 

The thrust falling at the foot of 
the abutment, it is plain that it 
will be more likely*to slide upon 
its base than to turn over upon its heel. The force or horizontal thrust will be 64 x 
50 X cotangent 30® = 576 ; and the equation of equilibrium will he 

HxBx| = 576 5 

where H is the height of the abutment, and B is its length ~ a 5, then 

B=: 

and as h — 19*5, b will equal 39 
feet, nearly. Some little allowance , 
may be made for the sake of safety. ' 

18. In figure 7, where the rise is 
one-fifth of the span, the value of 
H is 26, and this reduces the value of 
Bto28. 

"VOL. III. , , E. 


H 3’ 


Fig.r. 



Fig. 6. 
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19. 'Tliat tlxe tlirust of an areii is exeeedmgly iliminislied 1'y t1ie ttiiacUy r.f 
masonryj wlien consolidated, was sliown bj an accident which cururred very rcivntl -- 
wdth an old bridge of considerable' size. The valley, 'wlnch is exteiwivf, m cr*wi‘i 
partly by the bridge and partly by a viaduct pierced at intervals by i^inali arches. 

20. In the rains of 1842, one end of this bridge, 130 feet, eunsisting of nix small 
arches standing on box-work 9' deep, was niidermiiied, together with a p’irtioii of th#' 
causeway. The waterway being considered iiisnfScieiit, it w'as ]>roposcd to snhsiitute 
a set of arches, varying from 30 to 21 feet span, in place of the injxxved padions of 
the bridge and causeway. The overseer , in charge, by some strange of ersight, 
proceeded to dismantle the injured arches, without taking any precaution ti>\Yar»b 
supporting the next sound arch (a semi-ellipse of 30' span and 7' versed simA, whii'h 
was thus left abutting on a pier 6 feet thick and 11 feet high. Such an abutment wa.-- 
much too weak, and under the thrust of a fresh arch wiuild have l^een overturned: 
but the old arch merely opened a little underneath the key-st-iim*, and threw the 
abutment slightly out of the perpendicular. A heavy buttress was then applied, 
until the new companion arch could be turned (a senii-ellij'se of 31 fei t spiuh On 
the centering of this new arch being struck, the pier iVHumed its original position, and 
the crack of the old arch closed up. 

21... This example 28 instructive, inasmuch as It shows that one-fiftli the span ij't 
not sufficient for the of an elliptic arch of similar span, rise, and supports 5 

and these proportions are very commonly used in regard to piers. 

22. It is not recorded, that auy opening or eraek took place hetw'cen the springing 
and the crown of the above arch, which, according to some theoretical writers, ought 
to have been the case : however, it is by no means certain that such m intermediate 
crack did not take place. 

23. I have omitted fi'om the calculations all consideration of the steadiness imparted 
to the abutment by the vertical pressure of the arch; this element would render the 
subject too abstruse for the ordinary builder; nor do I believe tkit it h us ever been 
considered jpracHca%. 


SEOTIOtf lY. — PIE US. 

A pier is an abutment supporting the feet of two, instead of only one arch : It then 
ceases to be an ‘ abutment ; ’ as the horizontal portions of the thrust of tlie two arches 
abut against and balance each other, learing only the vertical or perpendicular j.K>rtiou 
of the thrust (which is simply the Weight) to be borne by the pier. 

2. Kow the weakest material of which a masonry bridge is constructed, viz. brick, 
IS so strong in resisting a crushing force or weight, each square foot lieing estimaled as 
capable of bearing about 80,000 lbs. weight, or 35 tons, that a pier two feet thick 
would (without other consideiations than that of the mere weight) suffice to support 
the feet of two arches of 200 feet span each, and 2 feet thick or deep. 

3, In practice, however, arches meeting on a pier do not always counterbalance 
each other completely. The pier, if very thin, would he rickety, and liable to be 
split or bent by the load, although the bricks themselves would not be crushed : it Is 
therefore usual to give a much greater thickness to piers, than is absolutely necessary 
fox supporting the load. 

Some Engineers consider it necessary, that a pier should be strong enough to aefc 
as an abutment to the other arch, in the event of one arch being broken: but this 
would pnerally require the pier to be one-third or one-fourth of the span; and this 
would interfere too much with the waterway. One- fifth and one-sixth of the span arc 
both practised in India; and they give a light and elegant pier. This thickness Is 
measured at the summit of the pier. 
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S* It IS a good practice to bnild piers witli a slope or * batter,’ tlius makbg tlie 
tkickaess greater at tiaefoot of the pier. TMs not only imparts steadiness to the pier 
itself, but causes it to oppose a greater surface against ike soil, rendering it less 
liable to sink. This slope or batter need not exceed 1 in 12, With, low elliptic 
arches, it is common to give a considerable batter, but in the fona of the cnrre {vide 


Fig. 8. 



figure 8), wMcb gives a very elegant appearance : but it reduces the vrater-ways, and is 
only allowable on particular occasions. 

6. In running streams of any magnitude it is advantageous to shape the ends of the 
piers into cut-waters, for the purpose of passing the water through the arch with as 
little turmoil as possible. The best form for such purpose would be that of a very 
sharp wedge,* but this would he weak in itself and dangerous to boats. A very good 
form (fig. 9) is obtained by Fig- 9. 

describing 


arcs from each 
corner of the pier with a ra- 
dius equal to the thickness of 
the pier. In small bridges, 
or where the current is slack, it will be sufficient to describe semicircles on the ends 
of the piers as diameters, as in figv 10. 

7. Piers should be built in a very Fig. 10. 

solid manner and with very fine joints, 
to obviate settlement. 

8. The summit or head of a pier 
should rise al)ove the highest flood 
level. 




SUCTION V. — THE ARCH. 

There are only two curves well adapted to bridge purposes, viz. the segment of the 
circle and of the ellipsis or oval. The first is the simplest : but a constant repetition 
of it would be tedious to the eye, which requires variety ; and this is afforded by the 
ellipse and its modifications. 

2. There are many ways of drawing an oval : but, passing them over, we will here 
see how the segment of 60® may he converted into an oval, so nearly resembling the 
true ellipse, as to be hardly distinguishable from it, even on measurement. (Pig. 11.) 

3. Draw the arc a d b as in fig. 1 ; draw the perpendicular radius c n, and upon it 


* Mr. Page’s cut- waters in the New Westminster Bridge appear to be of this form. 

. . ■ E 2 ' ■ 
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set off » E equal to about one-fiftb of tbe span a b. Tlirough e draw ii k i parallel to 
AB, making AH, Bi, equal to balf o n. From the points sand y, taken at about 
one-fourth of the half-arcs A B, B n, draw by the aid of the eye tho curves .r n, y i, to 
complete the oval. This is a very graceful curve, and has a very convenient rise : its 
■fclarust is exactly tlie same as 
in figure 1. 

4 . To obtain tlie back or 
* extrados/ after having de- 
termined the depth of the 
key -stones n c?, take c cZ as 
radius, and from the centre 
c describe the arc k. dl n. 

fi. The voussoirs or joints 
are aU drawn towards the 
centre < 3 . 

6. The form of the arch 
may be varied by making 
the versed sine n e greater 
or smaller in proportion to 
the span. 

7. One of the most graceful arches in Europe is a semi-ellipse, whose rise is less 
than one-sixth of the span;. it is built of marble. The arches of the town bridge on 
the canal at Knmaul, built by Colonel J. Colvin, of the Bengal Engineers, are of 
similar proportions, and are built in brick, Teiy flat curves retpiire care and attention 
in setting the joints accurately ; but care and attention should be bestow*ecl upon every 
arch, however simple its form. 

8. Gothic, Mohammedan, and other pointed arches are not well suited for bridges, 
as they require a more than convenient rise, besides being mechanically objectionable. 

9. Thickness of Arch, or the depth of the key-stone. — Authorities and examples 
differ very much in regard to this fiindamentaL Key* stones, which generally ilenote 
the depth of the arch at the crown, have been actually coBstructe<l fruui to |ltll 
of the span. If it were necessary to guard against dead weight or thnint simply, the 
depth of arch actually necessary would he very small ; but as vibration is one of 
the most dangerous enemies of a bridge, it becomes expedient to give such solidity as 
to reduce this action within safe limits. In large arches of stone, >hth of the span, 
or thereabouts, is a favourite depth of key-stone with modern architects; but this 
would be much too small in small brick arches of 30' and 40' span. Brick being 
lighter than stone, and the compressive force of a small arch l)eing much less than 
that of a large one, the equilibrium would be more easily disturbed by a passing 
load. Bor brick arches of 40 and 50 feet span, Ysth of the span will be found a good 
thickness; for 30' spans, ^th ; for 20' spans ^th ; and for 10' spans |th : it is false 
economy to allow less than 20 or 24 inches to the smaller bridges or culverts, 

10. Turning the A Preparatory to turning the arqh it is necessary to provide 
a form or ‘ centering* on wMch to lay the bricks or stones of the arch itself. In 
Europe centerings are made of timber : but in India, where timber is generally scarce, 
and the spans of bridges usually small, pillars of mud-cemented masonry are built 
between the piers or abutments; and on these maybe laid either a wooden frame 
coinciding with the form of the intrados of the arch, or a form of brick and mud- work. 
Fide figures 12 and 13. 

11. Such centres will only be applicable to arches which can be turned with 
certainty before the periodical floods take place. Where this is not possible, piles 
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must be substituted for tbe pillars ; or centres of timbers must be made, wbich will 
stand by resting upon the piers. These latter require considerable mechanical skill 
and are very expensive. 


Fig. 13. 



1$. Upon the moulded surface of the centre, the arching bricks are laid, com- 
mencing at the haunch and taking care to make the two sides approach equally 
towards the centre, and to leave a space at the centre just sufficient to receive one 
brick as a key-stone. This brick or key should he inlaid with finely ground mortar 
and he driven home with a few light taps of a wooden mallet : care must he taken not 
to use too much force, or the arch will perhaps start near the haunches. 

IS. Joints , — All the joints should be radiated at right angles with the curve of the 
parabola ; hut where only 60® of a circle are employed, the bricks are all radiated to 
the centre of the circle. When the span is 20' and upwards, it will be needless to 
dress each brick to tbe form of the arch ; it will suffice to make the joints as small 
as possible, recollecting that the bricks should be in actual conjiact, the cement merely 
filling up their inequalities. 

14. When the arch is keyed or completed, the centering may be removed. This 
operation should be performed by excavating the earthen mould from below the centre 
of the arch, working thence towards the haunches, and by equal gradations on either 
side of the centre j otherwise the arch might settle unequally, and be strained. 


Fig. 13. 



15. Bondmg.^Afi far as 40 feet, a very simple mode of bonding the masonry of an 
arch has been found successful. The bricks are all laid on edge with the centering, 
and are carried round from pier to centre in concentric rings : horizontally they break 
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joint across tke arch. Arching of this pattern is hardly more expensiTe than eoinaioa 
wall-worh, hub it is found to he inapplicable to very large spans. 

16, The most usual mode is that of the common IjoikI. One hriek Is laid on edge 
to the centering, its length laying in the direction of the hreadth of tlm arch ; the 
next brick is placed with its end upon the centering and its length in ]»n>h)ngaliou 
of the radius, thus breaking joint on the thiekness as well as on the breadth of the 
arch. 

17, Cements. — One of the best cements ordinarily to he obtained in India is made 
of one part stone lime and two parts fine soorhe or puunded brick ; hujnr or gravel 
being seldom fine enough for arch joints. The lime should be ire.<h and caustic; the 
soorkee should he made of the soundest bricks. The two ingredkitls should l»e 
mixed and ground dry under ixchticMeov grincling-stoue, and sliould then be slaked 
with just sufficient water to make them into a paste. If fine bujrec be nscil, the same 
mode of treatment is to be observed. The quality of the comt-ut depends greatly 
upon the lime being slaked from its caustic state vhil&t in contact with the graved 
or soorkee. 

18, Maunehes, — To relieve the shoulders or hatniches of the arcdi frvtiu uunoev^ssnry 
weight, as well as to save material, thin longitudinal walls, called ^^spandrel” walls, 
are built at intervals, extending from tlie abutments nearly to tin* centre: their 
summits support either slab-stones for covering the intervals, or smaii vaults of 
masonry. 

19, These walla may be 1| or 2 feet in thickness ; their intervals, where fivags are 
used to cover them, must depend upon the size of the stone procurable. When 
vaulting is used, the intervals may be 3 4' or 8'; the outer walls in this case siiouH 
not be under 2 feet. 


SECTION YI. — EOAUWAY. 






On roads of great traffic, and when the bridges are small, they should be the full 
breadth of the road. But when the bridges are large, this would cause them to be 
too expensive ; they should not, how'ever, be less than 24 or 25 feet in clear width of 
roadway between the parapets,* 

2. A flat or level roadway is the most convenient : but whore a rise is necessary, 
the slope should not exceed 1 in 35, or 1 foot of rise to 35 fcot of base. 

3. Above the extrados or back of arch there must be kid a course of bricks on edge, 
fixed in mortar, and over this a layer of 6" of metal (beat down frt>m 1)'"). This 
surface should be well drained by means of outlets through the parapet walls. 

4. The roadway should always be guarded by parapet walls, varying from 3 to 5 
feet in height and from 14 to 2 in thickness, according to the nature of the bridge. 
These walls are continued with a curved splay outwards from the end of the bridge 
to form proper entrances or approaches. 


SIOTION VII,— TBEATINO OF TEE FOtJNDAiriOHS FOE BEIDOES, ESPEOIAELY IN INDIAK 

•EIVERS.' 

Hitherto I have considered the abutments and piers as standing upon solid soils, 
their bases being spread out to give a better footing ; but in India it too frequently 
happens that this precaution is not sufficient. The general character of the earth’s 
crust, in India, is a superstratum or upper layer of clay, varying in quality by its 


* This applies to Indian roads. 
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liiixture with sand or vegetable mould, and varying in thickness from 3 feet to 20, or 
even more, with a substratum of sand to great depths, but generally containing thick 
or thin layers of clay, or hmikury clay, lying at various depths below tbe surface of 
the sand. 

2. When rivers run in the upper stratum of clay without cutting through it, their 
streams will generally be found to be sluggish, having little slope, and running across 
or obliquely with the general line of drainage. With such streams it will be necessary 
merely to sink the footing of the piers and abutments a few feet below tbe bed of. the 
stream; but where the clay has been cut through, exposing the sand, it becomes 
necessary to take further precautions for fixing the feet of the piers and abutments. 

3. Sand, when free from the action of rnnning water or other disturbing forces, is 
by no means a bad foundation ; it is superior to many kinds of clay : but in the bed 
of a I'iver, and under even the most gentle current, it is liable to be moved, and is 
therefore quite unfit for the footing of piers, &c. ; and it becomes necessary to seek 
artificial means of securing the foundations, 

4. With small bridges, and where the cun-ent is not very strong, and where tbe 
natural waterway has not been much diminished by embankments, it is sufficient to 
support the bridge upon * boxed foundations.’ 51hese are formed by making large 
boxes of wood of tbe shape of the pier or abutment, but about 9'' or 12" larger each 
way as to length and breadth. The boxes have neither tops nor bottoms, and their 
rsides vary in height from 6 to 10 feet, according to circumstances. These boxes are 
driven into the sand by scooping burn the interior, and they are then filled with 
rubble masonry. Upon this masonry the piers and abutments are built. 

5. Beyond the depth of 10 or 12 feet, it is better to use wells or blocks of masonry. 

6. Wells* are familiar to the natives of India, ’who have used them as foundations 
for many centuries. The class called Well-sinkers are vei-y expert ; almost any Eaj 
Mistree will lay off the ’walls of a foundation. When a cut-water is used, care must 
be taken to have it also supported by a well or part of a well. 

7. ^Blocks’ are a variety of the well foundations. In this ease a frame of stout 
wood, well joined, is made in the shape of the pier or abutment, being a little wider 
each -way. Upon it is raised a mass of masonry, conforming to the shape of the 
wmoden frame or ‘Ey-chuck.’ The masonry is i>ierced by wells, varying from 3' to 

5' in diameter, and placed at various distances ; but the largest wells should not be * 
more than 8 feet apart ; when the pier or abutment is very large, it may be divided 
into two or more portions. These masses are driven down after the manner of well- 
sinking; they are capable of being well loaded, and they may be sent downwards with 
great nicety, and are not so apt as wells are to topple over. They are more expensive 
than wells, but are much firmer. 

3. Blocks may be laid at distances of 8 and 10 feet, the intervening spaces being 
covered by arches : this is economical in large works. 

9. A Table is given of the rates and times of block-sinking, compiled by Major 
W. E. Baker, of the Engineers, from the day-books of work at a canal bridge. 

10. The following remarks apply equally to wells or blocks. 

11. These foundations may be supported in two ways, either by driving them down 
to the solid soil, —clay or kunkur, or rock, —or they may be suspended, as it were, in 
the sand, by mere friction, the force of which is very great in sand; so much so, that 
beyond the depth of 40 feet or so the labour of sinking the masonry becomes exces- 
sive, and unless the head be well weighted by extraneous loads, there is great chance 


I 


fcsee ‘ Corps Papers,’ vol i.p. 50. 
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tliat tiie lower portions will drop aw’-ay into tlie hollow formed by tlie esoavat-»rs ; isut 
by heavily loading the summit, wells have been driven feet throu^jli 

12. If the river’s bed were not disturbed to anj' great depth by the aetluti of the 

water, there would be no necessity for sinking the wells very frieti^oi nbme 

would suffice to uphold them; but Indian rivers have this peculiarity, that during 
eight months of the year they occupy very narrow channels, and during the rest of 
the year they flow with broad and rapid streams, sometimes overflv>wing the country 
for miles on either side. 

13. ■ It would' be too expensive to carry a bridge over the wliole or even one-lialf or 
one-third of this flood : it is therefore usual to embank tbe greater portion of the low 
ground with a stout mound of earth, restricting the river to such a channel as we may 
have the means of bridging. 

14. Such reduction of the waterway causes the water to rise in a heap al>ove the 
bridge, and this occasions a rush or rapid through the arches, sufficient to tear up the 
sand to a great depth ; so that shallow foimdations w^mkl be roiUcd up. 

15. The uprooting force of these rapids extends to great depths, as is shown by the 
following facts : 

16. In 1831 a masonry bridge of three arches, each of 60^ span, was built over the 
Keem Kuddee, on the road betw'een Futtehgurh and Koei The river there runs in a 
wide shallow valley, and for eight months in the year has no strorun, being nearly 
dry : it takes its rise below Boolundsher, about 35 miles above the bridge, and as it 
is hemmed in between the Ganges and the Kalee Nuddee, it cannot drain a greater 
area than 150 square miles ; yet in the rains of 1838 the floods came dowm with such 
violence, that they rose above the crowns of the arches, and then excavated the soil 
below the foundations, until the whole mass, excepting the abutmente, fell into tlie gulf. 

1 7. The arches were flat ellipses, springing low, and w’ith splayed piers, described 
in Section iv. par. 5. The foundations were wells, sunk to the depth of 20 feet, and 
were supposed to rest on good clay. 

18. The eastern Kalee Nuddee lakes its rise in a swamp close to ICotowIee, 
Mozuffernugger district, and about 25 miles north of Meerut. It is like the breem 
Ruddee above described as to its valley, and its dry- weather appearance. The elope 
of the bed does not exceed 14 inches per mile ; the river drains an area of about 250 

• square miles. 

19. Over this river and on the Gurhmooktesur road, close to Meerut, a masonry 
bridge of three’arches, each of 25 feet span, was built in 1840; it was supported on 
wells running down 22f feet below the river’s bed, and supposed to rest upon a strong 
stratum of clay, mixed with kunkur. 

20. In the rains of 1842 a heavy flood occurred ; the water rose 8 feet perpen- 
dicularly ; it did not reach the crowns of the arches, but it rushed with such violence 
as to scoop out the sand to a depth of 23 feet, or 6 inches below the footing of the 
wells. The wells dropped perpendicularly 6 inches, and there stood (it is supposed) 
on the real kunkur-bed : the bridge did not fall, but the arches split into many 
fissures. On attempting to remove the arches, the whole went down into the pool. 
Had the pool been filled with sand previously to this attempt, the foundations might 
have been saved, but would hardly have been trustworthy. 

21. Too much caution can hardly be used in ascertaining, by personal inspection, 
whether the wells have reached a solid stratum. Hative workmen, anxious to get 
this laborious part of the operation over, generally try to persuade the architect that 
the wells are firmly footed. I think it highly probable, that the wells of the Kalee 
Kuddee bridge had been stopped just 6 inches short of the solid soil ; and that 6 inches 
more of sinking would have saved this useful construction. 
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2^. Tlie piers of a suspension iDridge of 400 feet waterway liad been completed on 
tbe Hindun river near Delhi, and the abutments had been connected with the high 
bank by an earthen causeway, measuring a mile from end to end, when, in the rains 
of 1844, the waters rose 11-| feet, and scooped out the sand from the eastern end to 
the depth of 25J feet. The pier at which this occurred stands upon wells, as do 
all the rest ; but the wells of this one, after having been driven to the depth of 34 
feet, moved with so much difficulty as induced the architect to stop the work, leaving 
them supported by sand alone. Great apprehension was entertained regarding this 
pier, whose wells were actually bare of all but water, to the depth of 25|feet : they 
remained firm, supported by the friction upon 8| running feet of their lower extre- 
mities : sand-bags were thrown in, and before the occurrence of another flood the pool 
was filled up, 

23. In Europe, wooden piling is used to a considerahle extent in securing founda- 
tions : but it is not often applicable in India, as it is necessary to the durability of 
the piles, that they should be completely covered by water at all times ; and in large 
rivers, where they might be so submerged, the great depth of sand, sometimes 50 
feet, is beyond the reach of the largest timbers procurable in the Upper Provinces, — ■ 
nor could the pile be driven to that depth in many cases, — ^timber piles might be scarfed : 
but they would be more expensive than wells, which are nothing more than piles of 
masonry, 

24. Piling, however, is often nsed as an auxiliary in defending the feet of cause- 
ways and the* wing walls of bridges ; also in protecting the curtain walls where 
flooring is given below the arches : but all these are on a small scale, and the subject 
requires little notice, In driviug piles, it is better to use a heavy weight with a short 
drop, than a light weight with a long drop : by the former the- work is more speedily 
executed and the pile-heads ape less injured. When driving piles in sand, espe- 
cially quicksand, the blows should be given as quickly as possible ; the moment the 
pile ceases to vibrate, the sand settles around it, and lessens the effect of the next 
blow. The longer the intervals between the blows, the less will be the effect of each. 
A pile half-driven in sand, and left for any length of time, will be sometimes found 
immoveable. 

25. Instead of using piles or wells or other deep foundations, the piers and abut- 
ments of modeiutely sized arches are supported upon inverted ai’ches, as in fig. 14. 




I 


These arches, by distributing the pressure over a large area, enable a bad soil some- 
times to resist the weight of a bridge, which it could not do if the pressure were con- 
centrated in the narrow areas of the piers and abutments. 

26. Such a foundation is only applicable, where the soil is not liable to be moved ; 
for it is evident, that if the soil were washed, out from below the centre, the arch at 
that part would very probably drop down. 

27. Inverted arches will sometimes save a weak clay soil firom being cut by a rush 
of water through the bridge. In this case there should be curtain walls, some few 




58 


PASSAGE OP illYEES, 



feet deep, drawn across the opening from pier to pier, to prevent tlie aivh from heisr^ 
nndermined. A row of piling is sometimes given instead of tiie eurtiiin wall, but tim 
wall is the hest ; sometimes both are nsed, vis. a curtain wall resting npun piles, 

2S. In large bridges, where water is generally to be found at the viry fooiiiig 
of the piers, it would be extremely difficult to turn an inverted arch ; and as the soil in 
ench cases of Indian experience is generally sand, the arch would be iiniitaltlc. 

29, In casses where the waterway of a large bridge is found to be iiangeput.slj 
small, the foundations are sometimes secured by a dooring of masonry. This tiaoring 
should be 4 or 5 feet thick ; and, besides lying between the piers, shotiid extend 20 
feet beyond them, both up stream and down ; the outer edges being guariled by 
curtain WS-ll^s if possible, or by rows of piles : sheet piling (stout plunks of wot»d 
would be the best, if procurable at moderate cost). It is better to avuitl the necessity 
for these cpstlj additions by allowiitg a suffieleiicy of waterw'ay in the original dei^lgn, 


the areas of each compartment, xyz and s, and ascertain with what velocity the 
water is moving through each* we shall know how much water actually passes by in 
a given time, say a minute or a second. 

4. Now, as water flows oa account of tie slope in tie river’s ied, if we know tie 
velocities caused by certaju' dopes, we can calculate wiat amount of opening must be 
given to a bridge, to allow tie wide of tie water of tie above section to pass under 
tie bridge at its natural velocity ; and so avoid all tiat lieading up, wiici is found so 
destructive. 

5. The sa/esi width of opening would, in many rivers, be inconveniently great ; 
are therefore obliged to run some risk, by confining the floods to narrower bounds : 
this causes a heading up or < afflux f and in proportion to the perpendicular height of 
this afflux, so will the velocity be, 

6. Table III. shows that sand is moved by the smallest velocities, even so little as 
6 inches per second, or about one-third of a mile per hour ; therefore the beds of our 
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The most difficult part of an architect’s task is, very often, to detti’iulne the amount 
of opening or waterway to be given to a bridge. When llu* banks are well defna/d 
and the river does not overflow, then the question Is comparatively easy ; but when, 
as with our Indian rivers, the dry- weather supply is a mere rivulet, or perhaps nothing, 
and the rainy-season supply a flood spreading over the country, then the question 
becomes one of very intricate calculation ; inagmuch as it is dilHeuIt to deterzniao 
what portion of the water is moving and wffiat is mere back-water. It is sehhmi that 
the architect has opportunities of seeing the highest floods; he therefure gaihers his 
accounts from others ; or eyen if he should hapiien to witness a flood, he may iiot 
possess the m.eans of measuring the sections and velocities. 

2. Ap. approximate calculation will show a simple mode of making a useful 
estimate of the quantity of waterway that should lie allowed. 

Z» hot A B {fig, 15) represent the flood-line of a river ; il ls plain, that if we measure 
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rivers niTist be continually moving, and the question becomes, Ho what depth does 
this movement extend under certain velocities of current ? * 

7. Experience alone is our guide in replying to the above question ; but I regret to 
say that until very lately, little or no attention has been paid to the subject. From 
certain data, I calculate the flood mentioned at par, 22, Section vn., to have been 
about 11 feet per second ; and as the effect of this velocity vas to scoop out the sanfl 
to a depth of 25| feet, it is' plain that any velocity approaching to 11' per second must 
not be risked, under ordinary circumstances ; I consider a velocity of 5 or 6 feet per 
second to be clangeroiis to bridges whose foundations do not rest on Arm soil, oy 
which are not carried to very great depths, and this velocity is caused by an aflux or 
heading up of only 6 inches. 

S, The above may appear a small velocity to cause so much damage. Natoe has, 
ho^Yever, afforded us some clue even in this difficult computation. Captain Sharp, in 
boring the bed of the Jumna at Agra, came upon broken bricM at a depth of 23 feet ; 
and this can only he accounted for by supposing, that the bed has been disturbed to 
that depth by the natural current of the river, Captain Skarp roughly estimates tke 
surface velocity of the Jumna at Agi'a to be 8 feet per second at high floods : but from 
certain data, I do not calculate the mean velocity to be more than or 6 feet per 
second, and this velocity is caused by the confinement of the flood between two bold 
banlhs only 1300 feet apart. The velocity of the greatest flood at Delhi is, probably, 
much less than 6' per second. 

9. In Table Ko. II. is given the amount of afflux caused by obstructions in the 
river’s course, and in Table No. lY. the velocities due to those affluxes. If, there- 
fore, the section of the river and its velocities can he accurately measured, the amount 
of waterway in the bridge, so as not to cause a greater velocity than 5 feet, nor a 
greater afflux than 5 inches, can he at once taken from those Tables, 

10. I have said that very few architects ever have the opportunity of seeing the 
river in question at its floods ; it may then be asked, how can the yelocity and dis* 
charge be ascertained ? 

11. Determine by inquiry the height of the highest flood ever known ; and correct 

the information, if possible, by flood -marks. • 

12. Take an accurate section of the river’s bed perpendicularly to the course at the 
site of the proposed bridge ; and calculate the area contained between the highest 
flood-line and the bed. Do the same at points 1 mile above and 1 mile below the pro- 
posed site of the bridge. 

13. Measure the length of the undulating line of the river’s bed (in each cross 
section), and divide the area by this length ; the quotient wdll be wffiat is called the 
‘ hydraulic mean depth,’ which will be found to vary very slightly from the common 
mean depth, in most Indian rivers. 

14. Add together the three mean depths so found, and divide by three ; the 
quotient will be the mean of the three ‘ hydraulic mean depths’ to be used in the 
calculations : write it in inches. 

15. Ascertain by means of a levelling instrument the difference of level between 
the upper and lower section ; that is, the amount of slope in the rivex-’s bed for 2 
miles; and write it down in inches. 

16. Multiply the hydraulic mean depth in inches by the difference of level just 
found (also in inches), and take the square root of the product, which will be the 
surface velocity of the current per second, in inches. Nine-tenths of the surface 
velocity may be taken as the * mean velocity.’ 

17. Knowing the area of the section (the mean of the three areas should he used), 
we can by reference to the Table No. II. ascertain the afflux which will be caused 
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by damming up ona-tbird or one-fourtb, of tlie natural, .area, or waterway,. 


Tbe area of this section is 4600, and if tbe lengtii measure flO feet, tbea 

6 ’48 feet, tbe bydraulic mean depth. 

710 "''- ■ 

18. bet us suppose that tbe two other mean depths were 6*8 feet and 6-1, 

tben^ ^ -t Q'Mf w^bicb is tbe working bydraulic mean, depth ; ami ., In 

inches it will be 77*52. 

19. Say that tbe "difference of level bet-ween the upper am! lower sections .i.s SO 
inebes ; then, .V 77' 52 x SO = 48 '2 inches, w'bicb is the surface vdocity, ami 

9' ' 

48 '2 X ^ = 48*38 inches, or 3*6 feet, tbe mean veloc% in feet per .second. 

20. Say that we bad proposed to ba're a bridge of three arches, each of 50 feet 
span, springing at a height of 9 feet above the bed of the rivei*, then 3 x 50 x 0=:135O 
represents the area of the waterway ; and this is between two and three tenths of 
the whole mean area of sections; therefore tbe oldructwn mil be equal to 7 or 
84entbSf 

21. Now enter Table No. II. with tbe velocity of 4 feet, wdiicb is nearest to 3*6, 
and run the finger along until you come under tbe column 7-lOths, and you will find 
tbe afflux to be 3*2755 feet ; and in tbe next or 8-lOths it is marked as 7*775 feet ; 
take tbe mean, and call tbe afflux 5*5 feet, and on referring to Table No. lY, you will 
find tbe corresponding velocity to be betw'een 17 and 19 feet per second ; which would 
tear up all but rock. 

22. To find the waterway corresponding to the safe afflux of 5 inches fsoe par. 9), 

enter table No, II. with velocity 4 feet per second (tbe assumed vdocity of the river 
before meeting with obstractionl, and opposite to it, the afflux 5 inches (*4156 
would be between the third and fourth column, showing it to be due to an obstruc- 
tion of between 3-lOths and 4-lOths of the sectional area : the waterway, therefore, 
must be equal to 6-lOths of that area ; and if the spring of the arches ha 9 feet, 
4600 6 

— - X Jq =’306 is tbe length in feet of tbe waterway required. If arches of 50 feet 

span be preferred, there must be six of them instead of three. 

23. I have shown the general principle for ascertaining the proper opening for 
a bridge, but as all bydraulic formulse have been computed for rivers of tolerable 
regulai’ity of section, tbe application of tbe above principles to our Indian rivers will 
require modification. Suppose a river to have the following section— 


the area of the whole is 15, 800 square feet, tbe bydraulic mean depth is 10*5, or 126 
inches. Suppose also the fall in 2 miles to be 30 inches, then a/126 x 10 = 36’' or 
3 feet ; and 15800 x 3 = 47400 is tbe discharge in cubic feet per second, according 
to tbe general rule. 
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24. But if we take tke section in two parts, viz. abcd cZ as one, and tke triangle 
E U cZ the other, and calculate them separately^ we shall find a considerable 
difference between this result and that of our first computation, thus : 

25. The area A B Qt > d ~ 15200 square feet; the hydraulic mean depth is 16*0 
feet or 199-2 inches : then x 10 = 44*62 inches, or 4 feet nearly ; and 15200 
X 4 = 60,800 cubic feet per second as the discharge for this one portion Alone. 

26. ilhe triangular portion has an Area of 600 square feet ; the hydraulic mean 
depth is i foot or 12 inches ; then V 1^ x 10 — inches, nearly, the superficial 
velocity : and 600 x = 550 cubic feet, the discharge per second : therefore 
550 + 60800 ==61350 is the discharge, instead of 47400, as in the first computation. 

27. I have adopted the superficial velocities in thes'e illustrations, but in practice 
the mean velocities should be used^ 

28. The architect must use his discretion in calculating different rivers. Some 
may be taken by the first rule; others may require three or more separate computa- 
tions or divisions. The calculations heloiig to plain Arithmetic, and with this tiew I 
have selected the formulae of Br. Eytelwein, a Grenaan philosopher, in preference to 
those by the French Academicians, which are rather abstruse, and are not, I think, 
one jot more accurate when applied to open rivers. Persons desirous of studying the 
subject more deeply would do Well to consult the * Encyclopaedia Britannica,’ or 
Robinson’s ‘Mechanical Philosophy.’ 

SEcnoir IX. — genekal observations. 

Position of a Bridge. Site. — ^The general situation bf a bridge will be determined 
by the line of road which it is intended to carry, but its exact site should be selected, 
as much as possible, in conformity with the following views : 

1. Bold banks are to be preferred with Indian rivers, as involving less expense in 
the matter of causeway approaches, and as rendering the direotion of the stream more 
certain. 

2. The middle of a straight reach (with regard to fiood-stream) should be selected ; 
as, in bends of a river, one bank is under continual erosion ; therefore the abutment 
on that bank would be in danger of being turned by the current. 

Nimher of Arches, — As a general principle, it is better to make few arches of large 
span than many arches of small span, as involving less trouble in the foundations, and 
as affording freer passage for floods. Thus a river is more obstructed by two arches of 
25 feet each than by one arch of 50 feet span. 

Ornament, — Solidity and durability should on no account be sacrificed to appear- 
ances. Thus, when brickwork is used, the parapets should be formed f plain 
panelled masonry, in preference to balusters of pottery. 

The arch itself should always he indicated or relieved in some manner, otherwise the 
opening will look like a hole cut in a wall. In brickwork, this may be done by pro- 
jecting the arch face i” or 6" beyond the surface of the rest of the masonry, when it 
may be chiselled into voussoirs or into fillets. 


Pillars or pilasters, with entablatures, have been exploded by good taste. 
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iTABLE t. 

Progress and dost in itndersinMng the Ptoch Potmdations of the Indree StispensUn Bridge,, c^nim unicatcd 
Captain TT. B. Baker, Supeynntendent^ Canals west .of /unimL 


j i Costofjgink- 

■ ' inp- 100 K'K fi 

Total. . Average: c*r Block, h 

I i J?os. 5, G, 7, 

I I and 8. 


Cost of sink- 
ing 100 sq. ft. 
of Block, in 
Nos. 1, 2, 3. 
and 4. 


, Front AButraent. 
Blocks 12' 3" X 10' 0" 
Tjvitb. 4 skafts in each; 


I Average 


Days. T>ayfi. 
2*2.7 0*5625 
2*75 0 6075 
3 0'‘75 

4*75 1*1875 


Days. Ra. 
0-5 i 

0*65 1 
0*8 125 2 
1*3125 3 
09375 2 


0*875 2 

0*9375 2 
0*75 2 


1-0625 3 


o/i) 


1*4375 4 


2*125 6 

2*1875 6 
2*6875 7 
2*75 8 

3*25 9 


3*5 10 

3*625 10 
3 5625 10 
3*5625 10 
3*75 11 


3*875 11 
5*25 15 

5*625 16 
5*375 15 
5*75 17 


5*875 17 
11*125 32 
12*375 36 


!rotalcost of sinking 4 abutment blocks, Kos. 1, 2, 3, 4 (12' 3" x 10' 0" x 4 = sq, ft. 490) = Co.’s rs. 1431 1 3 

Ditto 4 flank blocks, 5, 6, 7, 8 (12' 0" x 8^ 0" x 4 = sq. ft. 384) = „ 86S 8 7 

In abutment blocks, 490 square feet, in 98*625 days, cost 1431 1 3 : therefore 100 sq. ft, in X day cost 2 15 4| 

In flank blocks, 384 square feet, in 99*6875 days, cost 868 8 7 ; therefore 100 sq. ft. in 1 day cost . 2 4 4 

Again, 490 square feet (1431 1 3) : : 100, cost 292^, nearly, for sinking 33 feet, or 8*85 per ft. in depth; 

,, 384 square feet (868 8 7) : : 100, cost 226*17, nearly, for sinking 31 feet, or 7*3 per ft. in depth. 

N.B.— In considering this Table, it must be remembered that the last fevr feet in depth are greatly raised above 
the average, on account of the work being carried into the more solid stratum or footing course; therefore, in 
applying the Table to greater depths, the last few feet should be reserved as an after-addition to the quotient. 


Flank Blocks 12' 0" x8' 0", 
with 2 shafts in each. | 

' 1 

5, 

6 

7 

8 

D.avs 

Days. 

Days. 

Bars. 

0*.5 

0*5 

0*5 

0*7.5 

0*75 

0*75 

0*5 

0*75 

0*75 

0*75 

0-75 

0*75 

1-75 

1*5 

0*75 

0*75 

1 

1 

1 


1*25 

1 

1*5 

0*75 

3*5 

2 

1*5 

1*5 

2 

2 

1*25 

1*25 

i*5 

] 

I '5 

1*5 

1*5 

1-25 

1*5 

1*25 

2 

1*75- 

1*75 

1*75. 

2 

2 

2' 

2 

1*75 

2 

1*5 

1*5 

2 

2 

2 

1*75 

2 

2*5 

2 

1-75 

2*5 

3 

2*5 

2*5 

2 

3*5 

2-5 

2 

4 

o 

4 

4 

4*5 

5 

4*5 

4 1 

5 

6 

4*5 

5 ' j 

5 

5 

5 

4 

5 

7 

5 

5*5 

5*5 

5 

5*25 

7 

4*5 

5 

5 

4 

4*5 

1 ■ ■ 
■ 1 

B 

4*5 

5*75 

— • 1 

8 1 

i ' ' 

.'6', " 

7*5 

6 

9 

7 

7*5 ^ 

7 

6 

10*5 ! 

16 

8*5 

10 

8 

12 

6 

30*5 

9-5 

12 

12 

15 ■ 

12 



Volouity oi 
current in ft. 
per second. 
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TABLE II. 

A mount of Ohsfruction com]>aTecl with the virtual Bection of the River, 


4 

^4 

. 

B 

■s 1 g 1 5 I d 



o 



j f-< j 'y T ! ^ 



CQ 



O 1 03 



Proportional Else of the Eiver, in feet 


1 

•01S7 

•0377 

‘069? 

•11 SB 

•2012 

•3521] 

•6780 

1*6094 

6-6389 


Ordinary 

2 

’0277 

•0665 

•1231 

•2108 

•3548 

•6*208 

i-1955 

2*8378 

11-7058 

1 

floods. 

3 

*0477 

•1144 

•2118 

•3618 

•6107 

1‘0687 

2-0580 

4*8850 

20*1504 



4 

•0760 

•1822 

■3372 

‘67S9 

•9719 

1-7008 

3-27S5 

7-7750 

32*0720 


, 

5 

*1165 

■■2793 

*5168 

•8782 

1-4895 

2-6066 

5-0202 

ll-9l£0 

49'1535 


Tiolent 

6 

•1558 

•3736 

•6912 

1*1807 

1*9925 

3*4868 

6*7154 

15*9398 

65-7518 


• floods* 

7 

‘2078 

•4983 

•9221 

1-5750 

2*6578 

4*6311 

8-9578 

21*2626 

1 87*7080 

j 

1 

8 

•2578 

‘6423 

1-1884 

2-0299 

3*4255 

5*9947 

11*5454 

27-4042 

113*0422 


1 Unusually 

9 

•3359 

•8054! 

1-4903 

2 *55 66 

4*2956 

7-5172. 

14-4777 

34-3646 

141*7541 

j 

5- violent 

10 

•4119 

•9877 

i-8726 

3‘1218 

5*2680 

1 9*2190 

17*7557 

42*1440 

173-8440 


) floods. 


Example. — TLe breadth of the Thames is 926 feet. The sum of the waterways, 
old London Bridge, was 236 feet. The amount of obstruction, therefore, was about 
‘75 of the entii’e section ; so that a velocity of 3 j feet per second would give a fall of 
nearly 4 *75 feet, agi'eeing with the actual result. 


TABLE III. 


i^alie of Effects of Rumiing Water on Soils. 


Telooicies. 

■ 

— 


Effects, 

Inches 

Miles per 


second, 

hour. 


3 

0*170 

1 Will work upon fine potter’s clay, 

6 

0*340 

; Will lift fine sand. 

8 

0*454 

1 Will lift sand, coarse as linseed. 

12 

0*683 

1 Will sweep along fine gravel. 

24 

1*363 

Will roll rounded pebbles 1" in diameter. 

30 ^ 

2*045 

I Sweeps angular stones the size of an egg. 


K.B.— The velocity at the bottom must be found for comparison with this Table. 
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I TAET III. PEEMANENT BEIDGES.* 



Plate I. fig. 1. 





SECTION I. — STONE BEIOGES. 

Ever since tlie construction and properties of tlie arcE began to be understood, 
stone has been tbe material in most general nse for bridges of any size and importance. 

Tbe Ml or semicircular arcb "was tbe one formerly most common ; but now that 
it is considered desirable to lessen tbe ascent of tbe roadway of a bridge, the flat 
segmental, tbe elliptical, and tbe oval are usually employed. Of these, tbe latter is 
the form which admits of the greatest waterway with the same span and rise. It is 
formed of several arcs of circles, usually about five, of which the curve at the springing 
lines should be less than that of the ellipse, and the radius of the are at the crown 
should not be more than one and a half times the span. 

The form of the arch or arches, and the number of piers having been decided on, 
the worh is commenced by excavating for the piers and abutments, till a solid foun- 
dation is obtained either on the rock or hard gravel ; or should the soft earth descend 
to any depth, it will be necessary to drive piles and spike planking upon them, or 
else to fill in the whole space with concrete : sometimes both piling and concrete are 
employed. The ordinary mode of laying the foundations of the piers is by means of 
a coffer-dam enclosing the whole space of tbe footings, but it is sometimes accom- 
plished by sinking caissons or frames filled with stone or brick ; and of late the diving- 
bell has been often used. 

Each abutment has to bear the weight of half an arch with its roadway, and in 
addition must be sufficiently strong to counteract the horizontal thrust, which may, 
however, be almost entirely avoided by commencing the radiating or skew-back 
courses from the very foundation, the rock being cut something in the form of the 
skew hack of an ordinary arch. This method is followed in the bridge of the Eialto 
at Venice, and the Gfrosvenor Bridge over the Dee at Chester. When this is done 
where the soil is such as to require piling, the piles should be driven in a direction 
perpendicular to the lowest radiating course, the thrust from which would otherwise 
be apt to force them in a lateral direction through the yielding earth around them. 
Driving the piles thus would undoxibtedly be at first difficult, and consequently 
expensive, but it has been done, and may be made an easy operation by having a 
machine for the purpose. 

Abutments are usually formed with counterforts, and when extending any distance 
they often have land arches constructed in them, to lessen the quantity of material. 
On railways these side arches are very, useful as giving' the means of viewing 'the line 
for some distance in advance. 

In large arches the abutments and piers should he entirely faced with cut stone. 
The filling in or backing should be of large rubble, carefully laid and well grouted at 
every two or three courses. The upper courses should be of large blocks of cut 
stone, well cramped and bonded. All cramps in stonework of importance should be 
of copper, as iron corrodes and becomes loose. If the abutments extend far into the 
stream, the waterway should be gradually lessened by means of water-wings built out 
in a curved form from the bank to the back of the abutment. 

Each pier has to support the weight of two semi-arches, but no horizontal thrust, 
which is counteracted or destroyed by the two opposing arches. The least thickness 
of a pier at top must of course be twice the depth of thevoussoirs at the springing 
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line, but in practice they are generally made mucli thicker, to alloi^v for ordmary wear 
from the wes, bad workmanship, and other casualties. The foundations of the 
piers are formed in offsets, on which the feet of the centres are supported .^diile the 
arches are being built. The piers and starHngs generally have rectilinear^ or 

curved batter. The latter project about half the thickness of the pier, and are carnecl 
up to the highest water-line, and finished above with a single stone or saddle-backed 
coping, called a * hood/ They are built of the same materials as the piers, of which 
they are simply continuations, either in a triangular or parabolic form, to lessen the 
backwater and permit the stream to pass through more freely, 

When the radiating courses are not carried down to the 
foundations of the abutments, and at all times in the piers, it 
is necessary to form the skew backs of blocks of stone cut as 
in the annexed figure, and well cramped to the other work, to 


prevent their slipping. 

When the Engineer has arrived at this point, he may proceed with the arch or 
arches, having first arranged his centres, wbich should be constructed during the 
building of the piers. This is not the place to give a lengthened description of the 
different forms of centre in use, but it will be well to offer a few remarks on the 
subject. Some Engineers give the centre a slight increase in rise over the intended 
arch, in order that a settlement may not cause the crown of the arch to sink below 
the level originally intended. In building the bridge over the Bora Riparia at Turin, 
Mosca made the rise of his arch 18*0446 feet, and that of the centre 18*9015 feet, 
the span being 147*6 feet ; and on the completion of the work, the soffit of the key 
stone was only 2 1 inches above the intended height. The centre used for Chester 
Bridge consisted of four distinct sets of radiating struts supported on trestles, the 
wedges being carried on the outer rim in such a manner as to admit of easing the 
different parts of the arch as required, to prevent undue settlement. This form has 
the disadvantage of obstructing the opening between the piers in rivers much navi- 
gated. In centres of the ordinary forms, with the double wedges placed under each 
rib, the most serious consequences have resulted from the men being obliged to go 
underneath to ease the arch ; but this may be avoided by making the wedges run the 
whole length from one outer rib to the other, so that they may be eased by men on 
each side without danger. Eor a bridge of three arches, two centres are required ; and 
for one of five arches, three centres. 

The planes of the arch-stone joints must be perpendicular to the curve of the soffit. 
The stones are laid in straight lines from one face of the arch to the other, bounded 
by parallel lines called < bed joints the line of stones being called a ‘course’ or 
‘string-course.’ The joints in the transverse direction are called ‘ cross-joints,’ and 
are not continued throughout, but break joint in the adjacent string-course, to prevent 
lateral disruption. Various modes have been adopted with the view of preventing 


Figs. 1 and 2. 


Fig. 4. 


Fig. 8. 
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tlie voussoirs slipping on one another. Old arclies have Ijeen found of the annexed 
p forms, and in fig. 4 (Blackfriars Bridge) the voussoirs are united hj means of joggles 

consisting of a ctihic foot of hard stone, let half* way into each joint, fhe moitai 
should he thin and well tempered, and when the stones are all laid, the joints at the 
hack should he examined, and, if open, filled with pieces of slate and grouted. 

To prevent the joints opening or the stones cracking on removing the centre of the 
Chester Bridge, the course above the springers was laid on a wedge of lead 14 indi 
thick on the face, running to nothing at the end of the bed, and thin strips of lead 
were introduced in all the joints, over about two-thirds of the soffit, to where the 
pressure was supposed to change to the back of the arch-stones. *‘In setting the key- 
stones, three thin slips of lead were hung down on each of the stones between which 
they were to be inserted, and the key-stone, being smeared with a thin putty of«ijwhite 
lead and oil, was driven down with a small pile engme.” Thus the whole bridge 
settled without any derangement or injury, the soft and yielding nature of the lead 
causing the pressure to spread equally over the surface of the joints. SoiJiefcimes the 
edges of the voussoirs are bevelled off a little to prevent chipping. 

The key-stone is generally from 2| to 4 feet in depth, and the arrangement of the 
remainder of the voussoirs made to conduce to the general effect ; thus, when the whole 
facing of the bridge is of cut stone, the top joints of the voussoirs are usiiuily formed 
in steps corresponding with the horizontal joints of the backing; and ■when the 
spandril facings are of rubble or brick, the voussoirs are generally made of equal or 
alternate depths. 

The spandrils should be built of hammered stone or the best rubble. They are 
usually raised to about one-fourth of the lise above the piers, and in some bridges are 
constructed of cut stone, the lower courses being horizontal, and the top forming an 
inverted arch. The capping of arches should be of flags laid with the bond well 
formed, or else of concrete, to prevent water soaking through, and should be laid so 
as to form gutters over the piers, where the w^ater from the roadway is received and 
carried off by iron pipes through the piers into the river above low-water mark. 

The head-walls are usually faced with cut stone filled in between with rubble or 
small arches to support the roadway ; earth was formerly used, but requires a much 
greater thickness of wall. 

A cornice is placed immediately on a level with the top of the kcy-sttme as a 
coping, to protect the facing from rain ; its form must be plain or moulded, aceording 
to the size or style of the bridge. It should be formed of large single blocks of stone, 
and the joint between it and the foot of the parapet should be above the level of the 
footpath, to avoid the wet settling in it. 

The parapet or balustrade should be about 4 feet high, and made to conform to the 
general architectural effect of the bridge, the exterior finish of wdiich must de|*eiid mainly 
on its position, but should, as a general rule, have a strong solid appearance. This ap- 
pearance is very much diminished by making a bridge perfectly flat, and it has been con- 
sidered by many eminent Engineers that 1 in 24 is a very good ascent for the roadway. 

The approaches must be so formed as to make the bridge safe and easy of access. 
When the roadway is but little raised above the natural ground, it is enough to carry 
out the head-walls a little way into the bank, and face the embankment with dry 
stone or sod-work ; but when there is more than one approach, and the road is ranch 
raised, the access must be widened, and wing walls Imilt out from the bridge to 
support the embankment. These wing walls are either fomted by prolonging tlie 
head-walls in a curve outwards to the edge of the embankment, or building a straigh t 
wall forming an angle with the head- wall. In both cases the w^all and parapet are 
Continued down to the foot of the embankment, either in a slope or in steps, 

■ ■ F 2 




Fig. a, Plate IL 
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Fia. 1, Plate II., is a longitudinal section of part ofmterloo Budge, showing the 
centLg. T represents tie voussoirs, P, the parapet; i, inverted arch over the 
spandra courses; B, the walls of brickwork on which the flags (q) are supported, 
cLrying the roadway material: a are the striking-plates of the cento , 6, the 
easing wedge; cc, stots; as, stirrups or suspenders in pairs ; * i cast-iron swkets 
to receive the ends of the stots ; pp, main props resting on the , 

In fig. 2, s is the starling, and E, the hood or cap ; n, the spandiil. This figure is 

a longitudinal section of the bridge of Neuilly* 

Fig. 3 is a section through the crown of the arch. 


SEOTIOir II. — BBICSL BBIDGES. 

Mary of the old bridges were built of brick, hut it is now generally confined to 
those of small span, as canal and railway bridges. The same genial ohseivationB 
apply to these as to stone bridges. The most sirnple mode of forming the arch is to 
lay the bricks in half-brick rings, with the joints very close on the under side, tak „ 
advantage of the difference of their dimensions to prevent two joints coming above 
one another. In this case two or three rings are carried on together. Another y 
is to lay two or three rings of brick on end ; but this method is very weak, the only 

kev heins formed by mortar or cement. , 

The ntoost caution should he observed not to lay a single brick untiVit has been 
well saturated with water, as it wiU Otherwise deposit a coat of sand on the cemen , 

and soon become detaebed from it. , « 

In a circular segmental arch, it is well to mark the cento by battens carrying a 
small fixed pulley, round which a line is passed for the purpose of laying the outside 

bricks of each course at their true angle. , 

nato m. fig. 1. The mode of laying the bricks in half-hrick rings is thonght ’’y 
i, B, shells. having no bond between the soffit and hack of the aich , and 1 e 

5 following has been recommended as the means of , giving strength and bond ^®y»- 

The arch should be divided iu portions by joints running through to the hack, the 
bricks being laid alternately in shells and in blocks, with the joints runmngthrongh. 

If the arch be not more than 8 feet thick, the thickness may be divided into two 
equal shells laid iu rings, and the thorough blocks should not be more t^an three or 
four bricks thick on the curve of the soffit, with the bricks ffiid on end. I he bn 
forming the key require to be laid with great care. The soffit course may he^ formed 
of a thickness of three bricks laid on end, the next of five, and so on, forming con- 
tiuuous joints. , 

In all brick arches it is well to lay the second course above the soffit of the key in 

thin mortar or grout, and to wedge with pieces of slate. The grout marbe used by 

dividing the length of the course into several compartments by bmks laid in mortar, 

and then pouring in the Uqnid, which should also he poured over the whole of the 

arcTi and abutments. . , 

III flg 2 A number of different drawings of railway bridges are given m vol. vm. of the 
■ Professional Papers, in one of which (Plate XXIX. fig. 5) the abutments are hnilt m 
the form of large skew hacks, somewhat similar to those of the Chester Bridge, 
described in the section on stone bridges, and partly supported by piles ^driven 
obliquely, as recommended in the same section. This bridge is of hnck, with stone 
foundations and facing. A section of the abutment is shown in Plate III. fig. 2. 

The arches on which the Blaokwall Railway is supported, and which appear to 
bear a large amount of traffic without injury, are circular segments of 30 feet span 
and 10 feet rise, and are composed of five half-brick rings, with piers 3 feet 6 inches 
thick. The width of the arches is 26 feet. 
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Bridges ar© often constructed of brick witli stone skew backs, voiissoirs, string- 
courses, and copings. Sometimes tbe parapets are formed of wooden posts and rails, 
instead of solid material ; and in this case they are built out on corbels beyond tlie 
face of tlie bridge, thereby saying 1 or 2 feet thickness of masonry, and gaining that 
additional space for the roadway. Iron rails appear better adapted to the purpose, 
and are sometimes used. IThey may be made, at a trifling expense, to conduce very 
much to the ornamental appearance of the bridge. 

It often happens, over or nnder railroads and canals, that a bridge cannot be built 
at right angles to the stream or road under it. Bridges of this form are called 
oblique or skew bridges, the bricks being laid diagonally instead of perpendiculsir to 
the faces. (Plate III. fig. 4.) 

On the London and Korth Western Eailway, a bridge is built over the road at an 
angle of 32 The arch is 21 feet span on the square, or at right angles to the road 
beneath it, and 39*627 on the face. The acute angle of the voussoirs is cut off at 
right angles to the face, and the cutting is gradually diminished to the opposite or 
obtuse quoin, where it vanishes, leaving no angle less than a right angle on the surface 
of tbe work. 

On the Midland Counties Bail way a bridge is built wdth parallel ribs of brickwork, 
about 4 feet broad on the square, elliptical, and 42 feet 6 inches span, "with a rise of 
11 feet. The plan of the abutment thus presents a series of steps, from which the 
ribs spring. This construction, however, in cases of great obliquity, requires either 
very thick arches or narrow ribs of brickwork, unless spandi’ils are introduced to fill 
up the spaces between the soffit of one rib and the extrados of another. Thus extra 
expense is incurred. I 

Sometimes, in oblique arches, the central part is built as a sqtiare arch, springing 
at right angles from the abutments, and the ends left at the acute angle on either side 
are filled in with courses, the beds of which are ■worked as for part of a true elliptic j 

arch. [ 

The following Table comprises brick bridges with wooden parapets. i 

TABLE A. I 


Brich Bridges over CuUmgs; 30 fecf> wide clear hetme7i raiUngs ; arches ZQ feet 
sjxm, 1 foot 6 inches thieJ:, 


Depth of Cutting, or 
Height of Bridge. 

Excavation. 

Concrete. 

t 

Brickwork. 

Stonework. 

Wwdwork. 

feet. 

cubic yards. 

cubic yards. 

cubic yards. 

cubic feet. 

cubic fcot. 

14 

98 I 

60 1 

380 

402 

42. 

30 

112 

100 j 

530 

465 

124 

60 

915 

180 

1730 

■ 924 1 

280 


The following Table shows the difference in quantity of material required for 
bridges in embankments and in cuttings. 

TABLE B. 

Brich Bridges m Emhankments; width and span as hefm^e; thickness of arch 1 foot 

mches. 


Height of Embankment 
or Bridge. 

Excavation. | 

! ' ' 1 

Concrete, j 

Brickwork. 

; Stonework, 

feet. 

cubic yards. 

cubic yards. 

cubic yards, i 

cubic feel. 

19 

158 

SO 

405 j 

478 

SO 

278 - 

140 

645 i 

395 

"■ 60 , 

314 

157 

2290 ! 

6S2 






TABLE 0, 

Bmhanhmmts^ at various Angles of Obliquity, Dimensions as m 
Table B, 


Brick Bridges 


Plate III. figs. 4 
to 1 , 


Heiglit of Embankment 
or Bridge, 

Angle of 
Obliquity. 

Brickwork. 

Stonework. | 


o 

cubic yards. 

cubic feet. 

30 

80 

1122 ' 

414 

60 

1198 

860 

40 

80 

2000 

766 

60 

2394 

792 


40 

2698 

1017 


30 

3336 

: 1227 ' 

fiO 

80 

2348 

727 ^ 

60 

2616 

1184 
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Plate IV. figs. 3, 
4 5. 


Plate IV. figs. 1, 

2 . 


wltli "wooden keys. Two of tliese ribs witli joists across will support an ordinary 
roadway. 

For arckes of 200 feet span, tlie ribs sbould consist of pieces of scantling bent to 
tlie proper curve by steaming or otberwise. In figs. §, 4, 5, tbe areli is composed of 
four ribs, each 18 indies thick and 4 feet deep, liaving two thicknesses in width aod 
three or four in depth, according to the size of the scantling to he obtained. The 
joints are well scarfed, holted, and keyed; and the vertical supporting pieces are 
notched on to the ribs in pairs, bolted together like suspenders, and placed from 15 to 
18 feet apart. 

A cross tie is bolted to each side of the vertical pieces, and notched on to the ribs, 
both on the upper and under side. 

Between the timbers carrying the roadway joists, diagonal braces should be framed 
to prevent lateral motion. 

In stormy positions, or where very heavy loads are likely to pass, braces may also 
he framed with advantage here and there over the back of the ribs, which should not 
he more than 8 feet apart. 

For a still larger span, from 250 to 400 feet, it is best to construct frames each 
consisting of two ribs cuiwed as in the last example. Eadial x>ieces are notched on to 
the ribs hke the vertical pieces in the last, and between these are crosses halved 
together in the middle, and abutting end to end between tbe radials. 

The vertical roadway supports are connected with the radials, and at A b horizontal 
ties are notched and bolted to them to stiffen the work ; for the same purpose 
diagonal braces may he applied on the horizontal cross ties and also between tbe 
roadw'ay hearers, and other braces may be framed in a few- places between the rib- 
frames, as shown by dotted lines. 

To form the roadway, joists are laid across the hearers, and covered wdth 3 or 
4-inch plank, and on this gravel is laid, either by itself or paved with blocks of stone. 
It should he ‘about 18 inches thick in the middle, and 14 at the sides of tbe road, and 
means must be adopted for carrying off the wet. 

As, howevei", the wet will soak through the jiaving or gravel, and injure the 
planking, some have only used a wooden roadway, laying a second tier of plank 
crossing the former one. This might, however, he avoided by covering the plank with 
some kind of asphalt, impervious to the rain. 

If practicable, stone should he used for the abutments and piers ; but if wood is 
preferred, the best mode is to drive piles about 2 feet apart in the dfrection of the 
current, and to strengthen them by diagonal braces. When the water Is deep, the 
piles shotild be cut just below low- water mark, and posts morticed into them and 
secured by bolts and straps. The latter method has this advantage, that thus the 
part below water, which does not decay so quickly, is separated from the upper part, 
which, being alternately wet and dry, is very perishable, and requires frequent repaim, 
and can by this arrangement be easily renewed. 

Tredgold gives the folio-wing rules. To find the thickness of abutment necessary to 
resist the thrust of a timber arch, —take h = height of abutment ; ar — ’weight of a 
square foot of the arch ; s — half the span ; and E = the rise; then, 


120/1 


■ = the thickness required. 


This is about one-fourth more than is absolutely necessary to resist the thrust, in 
addition to the weight of that part of the abutment above the springing. 
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To calculate tlie scantlmg of the arch-ribs, put w = width of bridge ; s - half the 
span ; R = the rise ; and n = the number of ribs ; then 

^ ^ X 0*0011 = the area of the rib in feet when gravelled. 

R 'll 

When only planned, take 0*0007 for a multiplier instead of 0*0011. This will be 
enough to bear the weight of the roadway alone, but |th more should be added, to 
allow for the additional strain occasioned by the passage of heavy waggons or other 
causes. 

The rise of a wooden arch must not be less than that given by the equation 

ziizzin “ the rise : 

2 

where s ^ half the span, and h = the height of a column producing the same pressure 
on its base, as the greatest pressure that ought to be on the framing. 

The following Table gives the least rise which may be given to different spans. A 
small rise requires a greater amount of material to give the same strength as a 
greater rise. 


The settlement of wooden arches is given by Wiebeking as that is, a bridge of 
144 feet span and 1 foot rise will become horizontal, and consequently for a final 
ascent of ^ it must he framed to 

Plate V. figs. 2, 8. Pigs. 2, a, Plate T,, show some of the modes of supporting wooden bridges, where 

the timbers are short and piers form no obstacle to the navigation. 

Pig. 9 shows the form of a wooden pier. 

Pig. 1 is a form frequently adopted in America for bridges of great extent and with 
low abutments. The width of the bridge is divided by arches rising above tbe 
roadway, and to these are suspended verticals, either of wood or iron, which support 
the sleepers or girders on which the roadway is carried : the ends of the arcs are 
usually notched into the girders. Stevenson describes one of these bridges over the 
Susquehanna Susquehanna at Golumhia, “It consists of twenty-nine arches of 200 feet span; 

Bridge. supported on two abutments and twenty-eight piers of masonry. The waterway is 

5800 feet, and the whole length, including abutments and piers, about 1 J mile. It 
is supported by three wooden arcs, forming a double roadway. There are also two 
footpaths, making the whole breadth 30 feet. The arcs are formed of two pieces, 
each 7 inches wide by 14 deep, placed 9 inches apart ; the beams by which the roadway 
is suspended being placed between them, and fixed by iron bolts passing through 
the whole.** 

Plate V. figs 7,8. There is another kind of wooden arch employed in Prussia, composed of a beam 

Prussian arch, saw-kerfs, by means of which it is bent to the required curve. 

Pig. 6 . The mode of bending is described by Colonel Nelson in vol. iii. of Professional Papers, 

as follows. ‘ * In this figure only three kerfs are shown ; it is more usual and advisable 


Plate V. fig. 1, 

Suspended 

roadway. 


Span. 

Rise. 

Span. 

Rise. 

Span, 

Rise, 

30 

0*5 

120 

7 

1 2S0 

24 

40 

0*8 

140 

8 

300 

28. 

50 

1*4 

160 

10 

320 

32 

60 

2 

180 

11 

350 

39 

70 

2*5 

200 

12 

380 

47 

80 

3 

220 

14 

400 

53 

90 

4 

240 

17 



100 

5 

260 

20 

t 






I to have five, The centre kerf is first cut, reaching from the butt along fths or |ths of 

the length ; the saw is then returned on each side to complete the other two kerfs, 
which stop at 2 or 3 feet short of the butt. When five kerfs are made, the last two 
commence l and end at a, 

“The beam thus prepared is laid on the horizontal frame a b p, in the position i 
“ A B G is a frame of rough spars, halved into each other, and firmly picketed or 
otherwise fixed at the angles ; e e^, any convenient number of smaller spars radiating 
from B, and halved into or otherwise secured to A c and p e ; cc- c” a*!* cleats spiked 
down at points giving the intended curve. 

“In bending the beam, the first thing to be done is to fix the butt very firmly at a, 
by means of pickets, double cleats c c, lashing, &e. Any convenient power, such as 
crab, block and tackle, &o., is then applied in a direction about parallel to e' b ; the 
rope or chain is fixed to h, and the beam is very gradually pulled down to the cleafa 
if, c", in succession. As soon as the desired curve is obtained, the cleat h on B o is 
spiked down, and the beam lashed to the principal spars of the frame. The mortise i 
is next cut, and a tqngue of wood harder than the beam, is driven in. Lastly, the 
beam is hooped, at intervals of perhaps 2 feet, with iron collars, each closed with 
screw and nut, or with bolt and rivet. In ordinary cases these hoops should be of, 
say 2 in. x J or f-inch flat iron, 

“ The beam thus hooped and mortised at i (which is an important part of the 
process) may he taken from the frame at once, without any fear of its altering its form. 

“The cleats d c" o”' can be fixed permanently to the spars e, and these last placed 
and secured according to circumstances. H.B. The natural tapering of the wood is 
always preserved, squared as baulk.’* 

Plato V. fig. 10. Fig. 10 shows the form of Love’s trussed girder, which may be applied to bridges, 
and a modification of which, constructed of iron, might be advantageously employed 
for the road bearers of suspension bridges, as recommended by the writer in the 
section on those structures. 

Town’s lattice. There is still another kind of bridge much used in America, viz. Town’s patent 
lattice, consisting of a series of braces, inclined at rather more than 45®, with others 
crossing at the same angle, with a horizontal spring- piece bolted on each side at top 
and bottom. The whole of the bolts are made of hard wood. The height of the 
truss is usually Jgth or d^th of the span. The roadway may b? either at top or 
bottom. 


Fig. 













Plate V. figs. 11, 
12 * 


Plates VI. <fcVIL 
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Figs. 11, 12, sRow the form of an ice-breaker to be used in rivers subject to fioating 
ice : it should be moored a short distance above the bridge, with the sharp point up 
stream, 

SECa?ION IV. — IRON BRIDGES. 

The principles of the construction of iron bridges are in many respects similar to 
those of wooden ones ; that is, they are composed of several ribs kept in position and 
strengthened by distance pieces, diagonal braces, &e. ; and on these ribs are placed 
spandril standards supporting the roadway bearers. 

In small arches the spandril standards and the ribs may be cast together. 

In some cases the ribs have been formed by crossing the joints of short plates of 
different widths, like the planks in wooden arches of small span; hut usually the 
parts of the rih abut end to end, and are connected hy flanges bolted flrmly together. 

The ends of the ribs are flxed to abutment plates bedded in the masonry skew backs* 

The abutments and piers may be either constrncted entirely of masoiu’y, or else of 
masonry as high as the springing, and iron above. The masonry of the piers might 
be entirely dispensed with, and iron piles substituted, if some means were found by 
which they could be rendered incorrodible, which object may perhaps be attained by 
the process of galvanism, as lately applied to that purpose. Iron has, however, this 
disadvantage, that if one of the piles were struck by a heavy body, it would probably 
break and cause great danger to the superstructure. 

Plates VI. and VII. represent the bridge erected by Telford over the Severn at 
Tewkesbury. 

The arch is 170 feet span, 17 feet rise, and the roadway 24 feet in the clear, 
between the rail skirtings. 

The foundations of the abutments are supported on piles with sills spiked down 
to them, and the interior spaces filled in with rubble stone well rammed and grouted. 
From the springing-course up to the roadway, the structure consists of six arches 
with piers and pilasters, — the piers of masonry, the pilasters of iron. 

The great arch is composed of six ribs laid at equal distances and placed on strong 
abutment plates, firmly bedded in masonry. These are secured in their places by 
gauge-pipes and connecting wrought-iron bolts, covered with grated plates fastened by 
mortises fitted to joggles in the main ribs, and by screwed flanges. On these the 
spandril standard crosses are placed, and secured hy gauge-pipes and cross ties in the 
middle, and tenons at top and bottom. On the top of these are the road beai'ers, one 
over each rib, and on them the road plates are secured. 

Plate VI. Fig. 1 is an elevation of half the bridge. 

Fig. 2 is a plan of one of the abutments. 

Fig. 3 is a plan of the platform of the abutment. 

Fig. 4 is a section through the abutment and one of the land arches. 

Plate VII. Fig. 1 is an elevation of the main rib, showing the spandril crosses and 
skirting, railing, &c. 

Fig. 2 is a plate for connecting the main ribs. 

Fig. 3 shows the mode of connecting the pieces of the main ribs together. The 
rih flanges are 4 inches deep. 

Fig. 4 is a section of one of the spandril crosses, taken at the middle. They are 
connected by wrought-iron holts, and kept apart by gauge-pipes. 

Fig. 5 shows one of the main balusters. 

Fig. 6 is a section of the hand-rail. 

Fig. 7 shows the skirting. 

Fig. 8 shows the road plates, | inch thick, with flanges 3 inches high inside. 
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Fig. 9 is a section of tlie diagonal braces, 5J inclies square in tbe middle, 4 incbes 
at tbe ends. 

Fig. 10 shows tbe manner of connecting tbe road bearers with tbe abutments. 
They are in four lengths on eacb side of tbe crown. 

Fig. 11 gives a plan and section of tbe springing-plate. 

Fig. 12 sbov^s tbe form, of tbe plates for connecting tbe top of tbe main ribs. 
Flanges stand up three inches inside. 

Fig. 13 shows a cast iron column. 

The bridge erected on tbe Midland Counties Railway, over the Trent, near Sawley, 
is remarkable for its simplicity and the small number of its component parts. 

It consists of three adobes of 100 feet span, 10 feet rise, and 30 feet width, The 
piers are of masonry up to. tbe springing, with iron standards above. 

There are six ribs laid at equal distances, lyitb diagonal braces and distance-pieces 
between, bolted to fillets on tbe sides of the ribs. Each rib is oast in three pieces, 
comprehending the spandrp standards and roadway bearers : a platform of balf-lmulks 
is laid on the bearers, with longitudinal pieces of oak for the rails. The Iron 
standards are connected to tbe ribs by lap-Joi^ats with screw-bolts, 

Tbe piers are 14 feet thick at bottom and 10 feet at top. 

Tbe abutments are 12 feet thick, backed by a land arch, and tbe wing walls are 
about 3 feet 0 inches thick on an average, and extend 54 feet. 


SEOIION V.—DEAWBRIDGES, INCLUDISO BASCULE, SWIVEL, EOLLEB, ANB 
OTHERS. 

The object of every kind of drawbridge is to obtain a firm and secure means of 
communication across a river, canal, or ditch, with tbe means of cutting off that com- 
munication when necessary, — for tbe purpose usually, in tbe two former instances, 
of permitting tbe passage of vessels of too great size to go under, — and in tbe latter 
ease, to prevent an enemy crossing the ditch and gaining an entrance into the place 
fortified. 

They are generally of three kinds, viz. tbe Bascule, Balance or Lifting ; the 
Turning or Swivel ; and the Roller Bridge. 

Bascule or The Balance Bridge , — This is the old form of drawbridge, as found in most of the 

ancient castles and fortifications, in many of wbicb it is simply a platform turning on 
a pivot or binge in the escarp wall, and raised by means of chains atbicbed to tbe end 
of tbe bridge and passing over pulleys above the entrance, 

Wben across a canal or river, the bridge is usually composed of two leaves meetingi 
in tbe middle when down, each of wbicb turns vertically on a horizontal pivot fixed in 
tbe masonry or timber at the sides, a well-bole being sunk for tbe purpose of allowing 
tbe descent of tbe counterpoise attached to tbe tail of tbe bridge. 

The following description is from the 1st volume of tbe * Transactions of the Institu- 
tion of Civil Engineers ; ’ 

Plate Yin. fig. 4. *^The bridge consists of eight cast-iron ribs, 9 inebes deep at the centre or meeting 

by If inch thick in the plain part, and 2 or 3 at tbe edges, connected together by two 
sets of crosses to each leaf, tbe lowest close to tbe abutment, by hollow pipes and bolts 
nearer tbe middle, and by the meeting plates, which fit together with a tongue and 
groove. -When tbe bridge is down, tbe under side or sofft of the ribs forms an arch 
of 36 feet 6 inebes span and 3 feet 6 inebes rise, resting on cast-iron abutment plates 
fixed in the masonry at tbe sides. From near the axis tbe ribs curve down below* the 
fixed part of the bridge, and terminate in boxes of Kentlidge by way of counterpoise, 


s 
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each box being attached to two ribs. The axis on wMch the bridge turns is 9 inches 
sq[uare, with fine turned bearings working in plummer-blocks bedded in the stonework, 
the centre being 5 feet 3 inches from the side of the lock. The fixed part of the 
bridge is supported by iron joists resting on the division walls of the pits for the 
counterpoise,— The bridge is lifted by four crabs, two on each side ; the handle is 
applied“to a 6-inch pinion, working into a spur-wheel 4 feet diameter, having on its 
a 12-inch pinion, working into a toothed segment, 5 feet 9 inches radius, fixed to 
the outer ribs of the bridge.” To render the bridge nearly on an equipoise in all 
positions, two chains are hooked on to the tail, and these, passing over two pulleys in 
the wall, are attached to a chain of heavy flexible links hanging into the bridge-pit. 

#f When the bridge is up, this chain tends by its weight to draw it down, and as the 
bridge descends, the chain falls on the bottom, forming a variable counterpoise. In 
yaising the bridge, the reverse of this is the case. The bridge is about 100 tons in 
weight, and one leaf is usually opened or shut by three men in half a minute, but two 
can do it. —In comparing the balance with the swivel bridge, it may be observed that 
the former will work longer without adjustment, and hears more firmly on its abut- 
ments, but is more affected by the wind, costs more at the outset, and requires double 

the number of men to work it.” 

The swiyel or turning bridge may also be formed in either one or two leaves. Each 
leaf turns horizontally on a pivot firmly fixed in the hank, on which it rests when 
ppen. Boilers are inserted beneath the end of the bridge, to make it move more freely. 

The following is also from the 1st volume of the ‘ Transactions of the Institution of 
pi vil Engineers : ? 

*<Over this lock is a swivel bridge 12 feet 3 inches wide ; it is 81 feet 9 inches 
long, and composed of two parts, which, meeting in the middle, form a segment of a 
circle.' The bridge consists of six cast-iron ribs, about 2 inches thick in the plain 
part and 2| inches on the lower edge, connected topther by cast-iron braces, and 
planked with 2i-in(fii oak, covered with If-inch fir. On each side of the lock, in the 
stone coping of a large brick pier, there is firmly imbedded a cast-iron circular plate, 

11 feet 9 inches diameter by 6 inches wide, with a cross and pivot in the centre, also 
securely let into the masonry, and working in a socket under the bridge, with twenty 
conical rollers, 6 inches wide, by 10| inches diameter at one end, and 9| inches at the 
other, fitted in a fr^e, and revolving between the circular plate above mentioned and 
another similar one in the under side of the bridge. The ends or meeting parts of the 
bridge are not described from the centre pivot or axis of motion, but from a point on 
one side, whereby these parts, in shutting into a tongue and groove joint, do not come 
into actual contact till the bridge is shut, when it becomes completely fast, being 
wedged to the abutments on each side and kept in place by two keys at the meeting. 
The machinery consists of two 8-ineh bevelled pinions, to one of which the handle is 
applied, and at the bottom of the vertical shaft of the other is fixed a 9 -inch pinion, 
working into a spur-wheel, 4 feet diameter, on the axis of which is another pinion, 

12 inches diameter, which turns the bridge by means of a toothed segment at the 
end. One man can open or shut either part of the bridge with ease in half a 

minute.” 

This kind of bridge is well adapted for positions where the abutments are low and 
there is a large horizontal space for working it. It does not appear to he well suited 
to the ditch of a fortification, for that reason. 

Of the bridges now in use, the one which appears best adapted to its object is the 
roller bridge, as invented by Hr. be Sueur, of Jersey. These bridges are withdrawn 
means of a pinion working in a rack on the under side of the platform, wit 
friction-rollers to render the work easier. 
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!rii4 following is froni tiie 4tli volume of Professional Papers l 
Plate VIIL f5g. h ‘ ‘ Tliis "bridge cost £360; Plate Till. fig. 1 sliows a plan of the under side of the 
bridge ; a d are oak beams 12 inches square; under these, iron rails, 5 6, are spiked, 
resting on rollers g g on the edge of the escarp ; & Is a rack bolted to the iron hearers 
d dy which also connect the whole framing; ee are trucks ; and ■// are friction- 
rbllers, to ease the motion of the bridge. Phe haud-^rail moves with the platform over 
rollers in the standards ^5 p. When the bridge is withdrawn, the brow wMbIi 
moves on hinges, falls do^ over the opening in the escarp. 

‘^Fig, 2 is a section through the ditch, and the bridge fun out. 

“ Fig. 3 is an end view, showing the working machine)^. 

“ The width of tBe ditch is 17 feet 6 inches, and the entire length of iM bridge 
32 feet 9 inches ; the inner part being 14 feet 6 inches, on the end of which 400 Iblf. 
of scrap iron are bolted as a counterpoise, to prevent the outer part from sinking. 
The width of the bridge is 9 feet 2 inches clear, and it is covered with 34nch oak 
plank.' ■ ■ 

“ In nioving the bi'idge, the pinion A works in the rack c j the axis of this pinieh 
is of 2|-irich iron, and is carried into one of the bomb-proofs, -where it carries b, 
toothed wheel acted on hy another pinion to which the handle is attached. 

“ The force of one man on this handle is enough to m'ove the bridge. 

‘ ‘ Its advantages are, that it does not obstruct the flanking fire of the pla’ce, tod its 
withdrawal is entirely under command of men in the casemates. Its ohjections are, 
the length of time required to withcbaw it, and the necessity for a level space in rear, 
the whole length of the bridge. The weight of the whole bridge is 6 tons 15 cwt. 
3 qrs. 10 lbs. The whole might he advtotageousiy made of cast iron.” 

Plata IX. fig. 1. There are two other kinds of dmwbridges which have been adopted in Bermuda, as 
described in tbe 9th volume of Professional Papers. One of these is a balance bridge, 
in which, however, the outer end is lowered instead of being raised, as usual, to cut 
off the communication; When up, it is retained in its place by a long iron bolt, 

I which would necessarily be subject to an immense strain during the passage of heavy 

weights, and consequently these bridges should only be used for foot passengers and 
other light traffic. 

The other kind of bridge is on the suspension principle, and was invented by the late 
( Colonel Blanshard. It is composed of several leaves joined together, and is supported 

by two chains on each side, passing through the suspending pieces, to which tlie leaves 
i Pigs- 2 and 3, are attached. The upper ebain on each side is fastened to the ground, 12 feet from the 
' counterscarp, passes over a pillar 2 feet liigh and 1 foot from the edge of the counter- 

scarp, and after crossing the ditch, is carried over a 6-Snch sheave on the side of the 
opening in the escarp, on a level with the top of the counterscarp pillar, and thence 
round a windlass beneath the roadway, and 23 feet from the face of the escarp. The 
lower chain is fastened to a hook in the face of the counterscarp, and crossing the 
ditch, passes over a sheave below the other, and round a windlass placed 20 feet from 
the escarp. 

In the 3rd volume of Professional Papers, page 189, Colonel Jebb has given a 
! description of a drawbridge particularly applicable when it is necessary that the 

. platform should he withdrawn to one side instead of along the straight line. 

I SECTION TI. — SUSPENSION BEIOaES, 


Various opinions have been entertained as to the form best adapted for the objects 
of a suspension bridge. These objects are,^ — ^Ist. The obtaining a roadway across a 
river in a position where t is necessary to allow the passage of vessels beneath it, 
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and wliere it is not possible to form piers or abutments sufficiently close togetlier to 
allow of an ordinary arcb being constrncted. 2ndly. The judicious arrangement of 
the suspending chains, rods, and roadway bearers, to affect the greatest firmness and 
rigidity with the least expenditure of materiah 

The q^uestion does not yet appear to be fully settled, but the preference, in theory 
at least, seems to be given to Dredge’s Taper Chain. The following are the heads 
under which the different forms may be arranged. 

First Those in which the planking of the roadway (except a small portion near the 
abutments) rests solely on the main suspending chains, as in Chinese bridges generally, 
and some in South America* 

Second. Those in which the roadway side beams, carrying the planking, railing, 
&c., are only connected with the main suspending chains by vertical rods, as in the 
Menai Bridge, and numerous others. 

Third. Those in which the roadway platform is entirely supported hy ropes, chains, 
or wires proeeedii^ obliquely from the top of the abutments, as in some bridges of 
rope, canes, or bamboos, in Asia, and light wire bridges in Europe. (A light rope 
bridge of this description may be seen in Plate XIY. under the head of ‘Field Bridges,’ 
in vol. i.) 

Fo'mik. Those in which the roadway platform is partly supported by ropes or 
chains, or wires proceeding obliquely from the top of the abutments, partly by rods 
descending obliquely from the main chains, and partly hy the main suspending chains 
themselves; which last, diminishing in weight as they approach the middle of the 
span, are linked to the central portion of the roadway by short rods, which, being 
nearly in continuation of the upper parts of the main chains, would, if strong enough, 
support that part of the roadway, and complete the curve, rendering the central link 
of the chain nearly unnecessary, as in Dredge’s Bridge. 

In this case it is necessary that the central portion of the roadway hearers should 
be made strong in proportion as the centre link i e (see annexed figure) of the main 
chain is weakened. 


In all suspension bridges, chains are carried from the top of the abutments to the 
rear, and called back chains. There is one of these to each of the bridge chains, 
whether they carry the rods on each side, as in those of the second class, or go 
directly to the platform, as in the third and fourth classes. These hack chains are 
connected with links secured on the top of cast-iron saddles on the abutments at one 
end, and firmly bolted to strong girders or blocks of masonry in the solid ground at 
the other. 

In the case before us, the tension on the centre link will increase in an inverse ratio 
to the defiection of the chain. When h a becomes vertical, there is no tension on the 
roadway a d, hut all on the link 6 e, and the tension on that portion of roadway will 
be greatest when the angle 6 is least ; i.e. when h a, and a df both become parts 
of the suspending chain. In this latter case strong holdfasts are necessary to prevent 
the roadway bending and the ends of the side-beams flying out from the abutments. 
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It seems best, bowever, to give the centre link snffiicient strength to support the 
roadway in case of fracture of the side beams, which should also be made of great 
strength in the centre, to give rigidity to the structoe. 

For this purpose it might he advisable, instead of adding breadth to the side roadway 
hearers, as proposed by Major Goodwyn in the Bailee Khd.1 Bridge, to give them 
additional depth, as in the annexed figure, and to increase the lateral strength of the 
platform by means of diagonal braces between the bearers. 


Fig. T. 

o'" 


The form of bridge described under the third head, having the road hearers 
entirely supported by chains descending from the piers without any rods, would be 
very good, hut for the difficulty of equalising the tension in large spans. It is, 
however, well to have two or three besides the main chains descending from the piers 
direct, the chief objection to Eredge’s Bridge being, that he carries the principle of 
tapering the chains too far, without rendering his side bearers strong enough to 
compensate. 

The following formulss are applicable to all cases of suspension bridges ; the middle 
link being supposed horizontal, and the number of links ^ 



In the above figure, let wi W 2 • • * • • • + 1 be the weights of the links fmm 

either pier to the centre ; Si S 2 . . . . S„, the weights of the suspending rods ; 

Ti T 2 T„ + 1 the tensions of the links, and the suspeiiding 

rods. 

The two forces Ti and Ti support the weight of roadway links and rods, ^ Then 
Ti ” I w. cosec $i . 

Also, 

T , = K + 1 + s,). 

sin0>-^2) 


cos Bit 


T„4, 1 — r tn + ^ {Wn 4* + 1 + b« ) . — , 

sm {Bn - Pn + i ) Sin .j. i ) 

for the tensions of the links. 


The following are the tensions of the suspending rods : 

. _ sin 0^ ^ ^ ; cos0^ 

sin(a^-^2) >• ‘ * '' sin(a,-^2) 

5in(gi-g,) cos ;8 


sin (iS 


:„_1 — • f ^ 

+ 1 *■’ s + s-i) 


COS Bs 


t _ sin (g» - + 1 ) sin (a„_] - g„_i) , 

” siu(^a+i — ^n) sia <K„ 
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cos 0n - 1 1. 1 / t €3 ^ 

, Q \ I 3 (^» "f" + 1 ) • 

sm (a»„i J 


CO^^T, 

sin (a» — 


Tn+l)‘^ 


Plate X. 
Meuai Bridge, 


Plate X. represents the bridge erected by Telford over the Menai Straits. In this 
there are four chains on each side, one above the Cthet, and the same number in two 
lines along the middle, the pathway being between. The rods are connected al- 
ternately to the first and third, and the second and fourth chains. They are placed 
5 feet apart, and the centre span of the centre arch is, I think, 566 feet. Some years 
ago the violent action of a storm destroyed part of the roadway, but did not injure the 
chains. In this bridge the hack chains support half-bays of the bridge* 

pig. 1 is an elevation of half the bridge. 

Pig. 2 is a transverse section of the roadway, after the alterations executed hy 
Mr, Provis, in consequence of the damage done hy a severe storm in 18S9. An 
additional row of planks was placed on the platform, and the footpaths were dis- 
connected from the roadways, in order that, since thorough stiffness could not be 
given to a bridge in so exposed a position, the undulations occasioned by the wind 
might not cause the transverse bearers to break ; and for the same reason an 
additional joint was formed in the suspension rods, just above the roadway* It is con- 
sidered by some, that it is a great advantage to have a strongly trussed side railing to 
suspension bridges, to increase their stiffness longitudinally. The section of the 
chains gives 26t) square inches of iron. 

Plate XI. represents the bridge erected hy Major (Joodwyn over tbe Bailee KhM, 
near Calcutta, on a modification of the principles adopted by Mr. Dredge, the chains 
not being so much tapered, and the roadway being strengthened. 

Fig. 1 is an elevation and section, showing the mode of securing the hack chains, 

* Pig. 2 is a plan of the chains and abutment. 


SEOrrON TII. — IRON tubtirar briboes, 

Some notice may natui'ally be expected of the wonderful structures which were 
erected shortly before and after the first edition of this article was published, viz., 
the Britannia and Conway Bridges on the Chester and Holyhead Railway, and the 
Albert or Saltash Bridge on the Cornwall Line. As however so much has been 
already written about them, a few words will snfiiee. 

The Britannia Bridge carries the Bailway across the Menai Straits from the county 
of Carnarvon to the Isle of Anglesea, a short distance to the south of Telford’s Suspen- 
sion Bridge already noticed. The total length of this bridge is about 1841 feet. 
The two lines of rails are carried separately, each inside of an immense iron tube, or 
rather asitccession of tubes placed end to end and resting on masonry piers. The 
tubes are 26 feet high x 14 feet 6 inches wide on the outside ; and 22 feet x 14 feet 
inside, the difference in the depth being caused by a row of small tubes or cells, 
formed along the top and bottom of the main tubes and strengthened by flanges and 
angle pieces. On these cells especially depends the strength of the tubes. 

The span of each of the two centre openings is nearly 460 feet, and of the shore ends 
230 feet, and the height of the underside of the tubes above high water more than 
103 feet. All the tnbes—the large ones being each 472 feet long and weighing 1600 
tons — ^were raised by means of hydraulic pressure, a very small space at a time, up 
grooves previously leffc in the piers and built up solid underneath after each lift, 
before the pressure was removed ; so as to prevent risk in the event of any por- 
tion of the hydraulic machinery giving way. In all bridges of this kind it is neces- 
sary to have an arrangement of rollers at each end of the tubes, which are left free, 
to allow of their expansion or contraction without injury to themselves or the piers. 
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The Conway Bridge is of the same general constrnetion, but consists of only one 
span of 400 feet clear, each tube weighing 1300 tons. 

The Albert Bridge crosses from near St. Bndeaux on the Devonshire, to Saltash on the 
Cornwall, side of the Tamar, near its month or junction with the Hamoaze. It carries 
only one line of rail and, nnlike the Britannia or Conway, is open at the top, the 
sides being formed with cells as in the Liverpool and other landing piers, &c. The 
portion from the high ground to the water^s edge is carried on a number of lofty 
masonry piers at moderate intervals, the part on the Saltash side being curved round in 
a direction nearly parallel to the water and at right angles to the previous direction 
of the bridge. 

The part actually crossing the water consists of two spans of nearly 435 feet each, the 
under-side of the tubes being 100 feet above high water. The three piers supporting 
these long tubes are carried up in iron above the roadway, to a sufficient height to 
support suspension chains of the ordinary kind to which the roadway is attfiched. 
There are not any backohains, but from the top of the piers spring two enormous 
cylindrical tubular beams bent into the form of an arch, and carrying strong sus- 
pending rods braced together and also fastened to the roadway. 

The following are rough diagrams of the Britannia and Albert Bridges. 




Beitannia BiiinaE. 





The following works were consulted in the compilation of the above paper, viz. — 
‘Transactions of the Institution of Civil Engineers,’ ‘Tredgold’s Carpentry,’ 

* The Professional Papers of the Corps of Boyal Engineers,’ &c. 

PENDULUM* [Latin^ pendulum (soiZ. negotium), that which hangs down, 
dangles, from pendeo, I hang,] in Mechanics denotes any body so suspended that it is 
at liberty to vibrate or swing backwards and forwards, about a horizontal axis of 
^suspension, by the action of gravity. 

Pendulums receive different denominations according to the mode of their construc- 
tion, or the purpose which they are intended to serve. 

The sirifijple pendulum is a mere theoretical abstraction, in which, for the pui'pose of 

* By Mr. Heather, late of the Eoyal Military Academy, 'Woolwich. 
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more readily demonstrating tlie properties of this important machine, it is asumed 
that the ’Whole weight of the suspended body is concentrated in a angle point that 
the cord by which it is suspended is without weight, of invariable length, a 
perfectly free from rigidity ; that there is no friction at the axis of suspension, and n 
resistance to motion opposed by the atmosphere. 

Properties of simple perMUns ribrating in cycloidal ares. 

It is a known property of the cycloid, that its evolute is a cycloid similar and equal 
to the former. If, then, a simple pendulum be suspended from C, the point o con- 
currence of two equal inverted semi-cycloidal cheeks, by a stag of the proper lengt , 
and be made to vibrate between them, the heavy point P of the pendulum will descnbe 
an arc of an equal and simUar cycloid D A B. The proper length of the suspentog 


cord is twice the diameter of the generating circle. P then representmg the position 

of the lioarVy point at any tiime ifj 

^ let AP = 

A tlio radius of the generating 

X circle = c(j and the length 

\ \\ the suspending cord = I ; then 

/ I "by the property of the curve 

x ,-..- s = 2 sTToT^ \ and therefore 

/' i \ \ J ^ 3 2ZaJ, since = 4 a. 

\ / j \\ / But, if <p be the angle which 

\ « / \ the tangent at P makes with the 

\ Rii dx 

^ vertical, — i* 

the force accelerating the body’s 
motion in the direction of the curve is <7 cos f 5 . The equation of motion there- 

fore is ~~ + | s = 0, whence it appears that 5 = A cos {t j + 0), and — “ 

-VI sin (t ^ and 0 being constants depending upon the given 

conditions of the problem. Let, for instance, the length of the arc from the 
lowest point A to the point B, from which the heavy point begins to descend, = 
and let the time be reckoned from the moment when a descent conimences; then, 

when ^ = 0, s = Sj, and ~ == -y = 0 ; and, substituting these values in the above 
d t 

equations, it appears that s — A cos 0, and 0 = — k j sin C j and hence 0 = 0, 


motion in the direction of the curve is g cos <l> = 


J, , d^s g 
fore IS ---- + %s 
dt^ I 


■■ 0, whence it appears that 5 : 


and therefore 


^fsiui ^f. 


When the heavy point P arrives at A, s = 0, and therefore 

cos « = 0, and i =- ^, or or or &<j. 

Hence the time of a semi-vibration, or time in which the heavy point first arrives at 

w fit . / ^ • 

the lowest point A, is ~ a / and the time of each complete vibration is ir a / 

2 \ g ^ V 

It appears, then, — 1. That the time of vibration in a cycloidal arc is the same, 
whatever he the extent of the arc of vibration ; 2, That the time of vibration is 
directly proportional to the square root of the length of the pendulum; and 3. That 
the time of vibration is inversely proportional to the square root of the force of 
^■gravity.:' 


1""2V^ 2 


or — , or &c. 
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Properties of smple pendulums vibrating in dreular arcs. 

Let the heavy point P he suspended from an axis 
at 0, and vibrate in the circular arc B A of "which 
0 A, the length of the pendulum, is the radius ; and 
let B be the point from which the descent com- 
mences, A the lowest point of the arc, and P the 
position of the heavy point at any time t, Through 
B and P draw the horizontal lines B M and P N to 
meet the vertical line 0 A in the points H and N ; 
and let A M = A, A N = a;, A P = 5 , and 0 A ~ 1. 

Then w, the velocity at the point P, — the velocity 

actjuired in falling through the height M N = >s/ 2 pf . M N ~ g {h — x) ^ 

ds ^ d t 1 j, 

and, since s decreases as « increases, v = — and ^ ? ouu 



d s 
dx 


I 


and therefore 


d t 
dx 


d t 

dt d s 
ds.dx 


{Ih X) 

1 


as. ax 2 g {h - x) i x - x-) 

We are not able to integrate this expression in a finite form ; but it can he expanded 
into a series of which the terms can be separately integrated, and in this manner the 
integral can be obtained to any required degree of approximation. Thus — 

dx ®V 

, /I 1 r, la:’ 1.3/0! Y 1.3...(2m-l) /a!V, I 

V 1-^’^ 22Z'^2.4V2i/ 2.4...2» V2J/ J 

dx 


^ \/ fix — ' 
x^dx 

Now J ^ 


^hx ■ 


2 Ti 


'A 




, and 


therefore 


•/: 


xdx 


's/hx'-x^ 

1 , fo o^dx 

-2'^V 


'/ 


* V A X- a? 
1.3 


2.4 


TT h% and so on; 


A 's/ /i x'— x^ ^ a/ hx—s^^ 

but between the limits x~h and a;== 0 , t is the time of a semi-vibration, and there- 
fore the time of a semi- vibration is 

^ /I f , 12.3VAV . . 12.32...(2 7i,-l)V7i . 1 

aV <7. {^■^22 2^2“. 4-'V2Z>' 22.4^ ..(2«)= V2«/ ■"J. 

When the arc of vibration is very small, the second and all the succeeding terms 
of this series are so exceedingly small that they may ordinarily be neglected, and the 

time of a complete vibration represented by tt which coincides with that in a 
cycloid. 

The second term of the series gives a correction to he added to the time of a 
vibration, = tt — x x *000019038 if c 2 be the number of 

degrees in A B, half tbe arc of vibration. 

If the time of vibration of a pendulum in a cycloidal, or infinitely small circular arc, 

be 1 ", so that x ^y/ ^ = 1 , the increment of the time for the circular arc 2 d will be 

•000019038 and the time lost in a day will be 24 x 60 x 60 x *000019038 d^ = | d\ 
nearly. Thus if the arc of vibration be 4°, the time lost in a day will be 6 "|, nearly ; 
if the arc he 2 °, the time lost in a day will be 1 "| ; if the arc be 1 °, the time lost 
in a day will be - 5 ^" ; and if the arc be but the time lost in a day will be but 
■only. '■ 

" a 2 ' 
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Omnection letween tU smple pendulum and any body rd^ratino about a Iiorkontal 
axiSj and acted ujyon hy gravity only. 

Let A B C Le a vertical section of tlie body made by tbe plane of tlie paper passing 
tlirongb tbe centre of gra\dty G, and entting tbe 

axis of suspension |)erpeiuUcnlarly in 0; letP, P", 
X K \ &c., be tbe projections upon tills plane of tbe parti- 

/ \\ cles m, m', &c., and 0 a; a vertical line tbrongb 

J \ \ '\ C ; and let C g = h, tbe radius of gyration about an 

( \ \ ^ axis tbrongb tbe centre of gravity = Z?, CP” 

{ \ G P' = r\ C P" == r\ &c., G C a: = 0, and P C as = 

I \ > eg, r 0 c&== cp', "B" Gx = <p\ kQ. Tbe forces im- 

J — Y / ^xQs&edonthQpmiiQ\eB7)t,n\m\ko.ym^&i'^^^ 

[a \ y mg, mg, m'’ g, &c., and tbe moments of these 

\ about tbe axis of suspension are mg r sin 

\s_ — m' g r' sin 4>', m" g r ' sin &c. Therefore 


ill 


ill 


dP B moment of impresse d forces 
(TF moment of inertia 

X 

g I mr sin sin «|)' -f wi" r” sin <!»’' + &c. |- 

m r- + m' r’“ 4- r"- 

M g h sin 0 

if M represent tbe sum m + m' 4- m” + &c., or tbe entire mass of tbe body. Hence 
d^d h . * 

In 0 G produced take CO — • then if tbe whole mass M were collected at 0, 

and connected with tbe axis of suspension at G by a cord without weiglit, tbe moment 
of tbe impressed force would be M ^ . C 0 sin 0, while the moment of inertia would be 
M . 0 0", and therefore we should have 

(P B MoGOsm0 rfgm0 h . „ 

57; “ ~ “m .00“ “ “ “co' “ 

the same equation for determining tbe motion as before. Hence it appears that tbe 
time of vibration of the body A B 0 is the same as that of a simple pendulum whose 

A® 4- IP 

length Z = 0 0 — — — , and, in fact, that all the circumstances of the motion of the 

point 0 are the same as if it. were the heavy point of such simple pendulum. 

The point 0 is called the centre of oscillation ; the point 0, the centre of suspension ; 

4- ' 

the vibrating body, a compound pendulum ; and I — — ^ — , the length of the 
corresponding simple pendulum. 


the length of the 


Since 2 = ^ + 7 -, and hence 


if the body be suspended 


anew on an axis through 0 parallel to that through C, and Z' repre.sent in this case 
the length of the equivalent simple pendulum, then 

- oa + _ _z_7i + - -+ 7i- ; 

so that 0 becomes now the centre of oscillation, or the centres of oscillation and 
suspension are reciprocal. 
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KatCT^s Pendulmn. — Tlbis property made use of by Captain Kater (Phil. Trans, 
for 1818) to determine the true length of the seconds pendulum in the following 
manner. 

Let A B he the compound pendulum, C the point of suspension, 

W and w two weights which may he shifted from one position to 
another on the pendulum, and 0 the centre of oscillation of the 
pendulum, including W and w. The positions of C and 0 being 
first determined approximately by computation, knife edges are 
fixed at these points to form the parallel axes about which the 
pendulum is to be made to vibrate in the succeeding steps of the 
experiment. These knife edges are formed and fixed with gi*eat 
care, and being rested alternately upon horizontal agate planes, the 
weight W is shifted till the times of vibration about C and 0 are 
very nearly the same, and the adjustment is then perfected by 
moving the smaller weight w. The time of vibration is now care- 
fully observed, and the distance C O accurately measured ; and if I he this distance, 
and i the observed time of vibration, and L represent the length of the simple 
pendulum vibrating seconds, we have, since the lengths of simple pendulums are as 
the squares of their times of vibration, 

: 12 : : Z : L, and ^ 

The corrections to be applied to the length of the simple pendulum for given errors in 
the construction of the compound pendulum are given in a Paper by Mr. Lubbock in 
the ‘Philosophical Transactions’ for 1830. The greatest error arises from a devia- 
tion for horizontality in the agate planes, — a deviation of 10' increasing by about 6 
the vibrations in 24 hours. 

The construction of this pendulum has since been considerably simplified, consisting 
in its improved form of a plain straight bar, 2 inches wide, § inch thick, and about 
62f inches long. At the distance of 5 inches from one end of this bar is placed the 
vertex of one of the knife edges, and at the distance of 39 inches is placed the^vertex 
of the other knife edge. The pendulum is made to vibrate nearly in the same time 
about both knife edges by filing aw^ay one of the ends of the pendulum, and the 
adjustment is perfected by means of two screws, which hold a small -weight in a hole 
near one end of the bax’. 

The length L of the seconds pendulum having been determined, the accelerating 
•force of gravity at the^place of the experiment is immediately given by tbe equation 
^ = 7r2 L. Thus in the latitude of London the length of the seconds pendulum, L, is 
39 ’1393 inches, and, consequently, 

gr = 7r2 X 39 ’ISDS = 386 •29 inches = 32*19 feet. 

The force of gravity varies in different latitudes, the increment above the force at 
the equator being nearly as the square of the sine of the latitude ; and since tbe 
length of the seconds pendulum is directly proportional to the fox’ce of gravity, the 
increment in its length above the length at tbe equator varies also as the square of 
tbe sine of the latitude. Hence, if 39*1677 be the length of the seconds pendulum at 
the equator, and 0.20027 the increment in its length at tbe pole, the length I of the 
pendulum iu any latitude A, is given by the equation 

Z-= 39-01677 + 0*20027 sm2 A. 

Since the force of gravity without the earth’s surface varies in the same latitude 
inversely as the square of the distance from the earth’s centre, and the number of 
vibi'ations made by a pendulum in a day varies inversely as the time of vibration, 




k 
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and therefore directly as the square root of the force of gravity, it follows^ that the 
numher of vibrations in a day varies inversely as the distance from the earth s centre. 

If, then, 71 represent the number of vibrations in a day at the earth’s surface, and d n 
the number of vibrations lost, when the pendulum is carried to the height h above the 

surface, = 1 n^ 

and the number of vibrationriost in’a day is given approximately by the equation 

n h 

d7i^ — , 
r 

Compemation Pendulum.— 'BeMes the variation in the rime of vibrariomof a 
pendulum arising from the variation of gravity in different latitudes,^ and at different 
altitudes, there may he farther a source of irregularity in the variation of the actual 
length of the pendulum, arising from the expansion or contraction of its material 
nnder different degrees of heat. To remove this defect, so important an object when 
the pendulum is employed as a constant time-keeper, varmns methods have been 
invented for constructing compensation pendulums, in which, notwithstanding the 
expansion of their several parts, the length of the equivalent simple pendulum, 
or distance between the centre of oscillation and the point of suspension, shall remain 
constantly the same. The first compensation pendulum appears to have been con- 
structed by George Graham, who, after repeated trials, succeeded, in the year 1721, 
in forming a mercurial pendulum, in which the compensation was found to be so far 
effected, that its error in the extremes of temperature was reduced to l-th the error in 
an ordinary pendulum. 

The idea of arranging bars of different metals in such a manner as to form a com- 
pensation pendulum, having also been suggested by Graham, though he himself failed 
in accomplishing it, roused the ingenuity of other mechanics, and in 1726, Harrison, 
a carpenter, of Barton in Lancashire, succeeded in constructing the Gridiron Pendu- 
lum. Various modifications of compensation pendulums have since been made, but 
none have been found to excel the inventions of Graham and Harrison, which are still 
used in the construction of astronomical clocks. 

Graham’s Mercurial Pendulum consists of a rod of steel about 42 inches long, 
branched towards its lower end, so as to embrace a cylindrical glass vessel 7 or 8 
inchesdeep, and having 6-^ inches of this depth filled with mercury; but the exact 
quantity of mercury, being dependent on the weight and expansibility of the other 
parts of the pendulum, must be determined by experiment. When the temperature 
increases, the steel rod is lengthened, while the mercury rises in the cylinder ; but 
when the temperature decreases, the steel is shortened, and the mercury falls in the 
cylinder. By a proper adjustment, then, of the quantity of mercury, the effect of the 
lengthening or shortening of the rod is neutralised by the rising or falling of the 
mercury, and the centre of oscillation is kept at an invariable distance from the point 
of suspension. 

Harrison’s Gridiron Pendulum consists of five rods of steel and 
four of brass, placed in an alternate order, the middle rod, by 
which the bob or weight is suspended, being of steel These rods 
are connected by cross pieces in such a manner, that while the 
expansion of the steel rods has a tendency to lower the hob, the 
expansion of the brass rods acts upwards, and tends to raise it * so 
that by duly proportioning the lengths of the two classes of rods, 
the centre of oscillation is kept at an invariable distance from the 
of suspension, and the length of the equivalent simple 
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Amongst tiiose wlio have succeeded in constructing compensation pendulums may 
he mentioned Eegnault, Deparcieux, Julien le Roy, Ellicot, Hooke, F. Berthond, 
Troughton, Dr. Gf. Fordyce, Ward, Adam Reid, Doughty, Ritchie, and Hardy. 

Since the isochronism of the vibrations, independently of the length of the arc of 
vibration, is peculiar to pendulums vibrating in cycloidal arcs, it might be supposed 
that it would be advantageous to make the pendulum vibrate between cycloidal 
cheeks ; and such a construction was in fact adopted for some time after its first 
invention by Huygens. Upon further consideration, however, it appears that in this 
case the centre of oscillation no longer occupies the same point of the pendulum in 
different parts of its path, from the circumstance of the virtual point of suspension, 
which is now the point of contact with the cycloidal cheek, continually varying. OOhe 
vibrations of a compound pendulum, then, between cycloidal cheeks are not isochronous, 
nor has the theory of their motion been ever investigated, that we are aware of. 
Furthur objections to such pendulums also arise from the difficulty of giving to the 
cheeks the true cycloidal form, and the improbability of their long retaining it, 
supposing it once given. 

The vibrations of actual pendulums are manifestly affected by the resistance of the 
air, the friction at the axis of suspension, and the maintaining power which is 
necessary to keep the pendulum vibrating for any length of time. Professor Airy, in 
the * Cambridge Philosophical Transactions,* 1826, has determined, by the principle 
of the variation of parameters, general formulae remarkable for their simplicity, for the 
alteration in the time and extent of the vibrations of a pendulum when acted upon by 
any small disturbing force whatever. By applying these formula to the clisturhing 
forces above mentioned, it appears that, though the arc of vibration is diminished, 
the time of a vibration is not affected either by a constant friction at the axis of 
suspension, or by the resistance of the air ; and further, that if an impulse be given 
to the pendulum at its lowest point only, the time of vibration remains unaltered. 
In the dead-heat escapement, the maintaining power acts on the pendulum for a 
small space near the middle of the vibration only, and Professor Airy, in the Paper 
above referred to, comes to the conclusion that this escapement is far superior to 
any other. 

Ballistic Pendulum^ Gannon Pendulum^ and Musket Pendulum * — The name 
ballistic pendulum was given by Robins to an apparatus invented by him for ascer- 
taining the velocities of military projectiles, and thence comparing the effective powers 
of different specimens of gunpowder. This apparatus consisted of a large block of 
wood, suspended vertically by a strong horizontal axis, to which it was attached by a 
firm iron stem. Of late years, however, considerable improvements have been made 
by the Military Engineers of France in the details of the construction of ballistic 
pendulums, and the arms themselves from which the projectiles are fired have been 
suspended and adjusted, so as to form pendulums of equal value, and to measure by 
their arc of recoil the force of the explosion. To these suspended guns, as well as the 
suspended Mocks which receive the shot, the French have extended the name 
ballistic pendulum, while they distinguish the one from the other by giving to the 
latter the name of the receiver pendulum, and to the fomer that of cannon 
pendulum, musket pendulum, &c., according to the nature of the arms suspended, 
English and American writers, however, still restrict the term ballistic pendulum to 
that which receives the shot. * 

The jrincipal conditions to be fulfilled, as fat as possible, by the construction of 
the pendulum, are — 


* See also “ Projectiles,” p. 155. 
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1. That the peiidulTim should he capable of sustaining, without injury, the impact 
of balls of the largest calibre intended to be received by it, moving with the greatest 
velocity that can be given to them. 

2. That the core, or part of the block which receives the impact of the ball, should 
be susceptible of being easily and qmekly renewed after each fire. 

3. That the frame of the cannon pendulum should be capable of receiving guns of 
various calibres. 

4. That arrangements should be made in each pendulum for adjusting the height 
of its centre of oscillation, so as to make it coincide with that of the line of the fire, 
in order to prevent violent shocks on the axis of motion. 

5. That the apparatus should not be liable to be affected by hygrometric changes 
in the atmosphere. 

We proceed to describe briefly the contrivances by which, in the most improved 
forms of the pendulum, it has been sought to fulfil the above conditions. 

The pendulum block is of cast iron, in the form of the hollow frustrum of a cone, 
with a hemispherical bottom ; and, in order to give it the requisite strength, it is 
closely hooped with wrought iron over all the conical part, except in the places where 
it is embraced by the suspension straps. In the hollow of the pendulum Mock is 
placed the core, which is to receive the shot, and its axis should therefore coincide 
with the line of fire. 

The opening in the face of the block is partially closed by an iron plate ; and the 
point struck by tbe ball is marked by the hole made in a sheet of lead, which is 
placed over the opening in the plate, and retained by a washer, or smaller iron plate, 
bolted to the large one. Tertical and horizontal scales, drawn on tbe face of the 
small plate, serve, by means of an easy reference, to measure the position of the point 
struck by the centre of the ball. 

Core of the 'pendulum block , — The hemispherical bottom of the core is formed of a 
block of lead, which serves to counterpoise the weight of tbe front part of the block, 
and thus facilitates the adjustment of the axis in a horizontal position. 

The sand which receives the impact of the balls is contained in cases made of strong 
leather stretched over iron frames : the ends of these cases are closed with soft 
boards about | incb thick. In order to fill one of these cases or bags, it is placed on 
its small end, the boards forming the bottom are laid down on pins intended to support 
them, and if there be any openings through which the sand might escape, they are 
closed with shavings, &o. : the sand is then put in and settled with a small rammer. 
When nearly filled, the bag is placed on the platform of a balance, and its weight 
properly adjusted ; after which the boards forming the head are fastened on by small 
nails driven into wooden plugs in holes on the inside of the hoop which forms the 
larger end of the frame. 

Four of these bags form a set for filling the pendulum block ; and an interval of. 
about 3 inches is left at the mouth of the block to admit any compensating weights 
which may he required to make up the proper charge, and which are in the form of 
large rings, made of iron, of different sizes, according to the weight required. The 
vacant space in the mouth of the block is requisite for containing the sand displaced 
by tbe shot. 

Suspending apparatus , — Tbe block is attacked by means of four straps of wrought 
iron to a horizontal shaft of the same material. The shtift terminates at each end in 
knife edges made of hardened steel welded to the iron ; these knife edges are rounded 
on a radius of 0*06 inch, and rest in Vs, the bottom parts of which are rSunded 
on a radius of 0*1 inch ; while the inclination of the sides of the Vs is so arranged 
with reference to that of the planes of the knife edges as to allow the pendulum to 
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vibrate tbrough an arc of 30“. The adjustment of the Ys is regulated hy means of 
wedges. 

The arc of vibration of the pendulum is measured on a brass limb j a slide, also 
of brass, moving on tbis limb, is pushed forward by an index attaebed to a bar, 
wbicb is connected with tbe suspension straps at the proper distance from the axis. 

In the cannon pendulum^ the suspension frame, the supports, and the general 
arrangement, are similar to those of the ballistic pendulum as described above. 

In the musket 'pendulum^ and the ballistic pendulum for practice with the musket, 
the principles of construction are the same, the chief deviation being in the manner 
of forming the core : this core in the French pendulum consisted of a block of lead, 
which received the ball, and which was renewed at each shot ; but Captain Mordecai, 
of the United States’ Ordnance Department, in his experiments at Washington ia the 
years 1843-44, substituted a core composed as follows : 

1st, A block of hard wood, turned to ht the bottom part of the pendulum block, 

2nd. A conical block of lead, faced with a plate of iron, occnpying nearly the 
centre of the core. 

Srd. A block of hard wood, tnrned and cut to such a length as just to fill the 
pendulum block, and to bear against the face-plate, which is formed of wood, and 
pressed against the front of the pendulum by an iron clamp. The point struck by 
the ball is marked by the perforation of the face-plate. 

Adjustments of the pendulums. — The pendulums must always be adjusted for the 
positions of the centres of gravity and oscillation, for the horizontality of their shafts, 
and when the ballistic and cannon or musket pendulums are used together, the shafts 
of the two pendulums must be adjusted for parallelism. 

Adjustment of the shafts. — This adjustment is corrected, if necessary, by moving 
one or more of the seats in which the Ys are placed. It is verified for horizontality 
by a level j and for the parallelism of the two shafts as follows : Two plnmb-lines 
are suspended to the ends of a needle attached to each shaft in a direction perpendicular 
to its axis j four other plumb-lines are suspended in the axis of the gun and block 
(on the front and rear of each), and, when the adjustment is perfect, these eight 
plumb-lines should hang in the same plane. 

Adjustment of the centres of oscillation.— The) centre of oscillation of each pendu- 
lum must coincide very nearly with the line of fire ; and its position having been 
determined in the manner hereafter to be explained, it is to be raised or lowered, if 
necessary, by placing weights on the upper or lower of the large screw-bolts which 
connect the front and rear straps above and below the gun or the block. 

Adjustment of the centre of gravity. — The centre of gravity must be situated in 
the intersection of the vertical plane containing the axis of the cannon or block and 
the idane perpendicular to this axis which passes through the axis of motion. De- 
viations from the proper position of the centre of gravity may he caused by variations 
in the charge of the gun or block. This adjustment is corrected by sliding backwards 
or forwards the weights which have been placed upon the large screw-bolts to adjust 
the centre of oscillation. 

Moments of the By the moment of a pendulum we mean the product 

of its weight and the distance of the centre of gravity from its axis of motion, the 
weight being estimated in pounds, and the distance in feet. This moment ought 
to be determined with precision, since it enters into the formulae for determining the 
velocity of the projectile. The weights of the several parts of the pendulums being 
accurately determined, and also the positions of their centres of gravity, by balancing 
them on the edge of a square steel bar, the places of the centres of gravity of the 
entire systems, or the moments of these systems, are easily calculated by the ordi- 
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nary formiilse ; and ^by tlie same means tlie corrections for an alteration of the adjust- 
ing weights, or a change in the weight of the core of the "block, or of the charge of the 
gun, are readily obtained. The results of these calculations may he verilied at any 
time experimentally, without dismounting the pendulums, in the following manner : A 
cord being fixed at any convenient point of one of the pendulums, is passed over a fixed 
pulley, and by means of a known weight attached to its extremity, pulls the pen- 
dulum through an angle which is accurately measured. The pulley should he large, 
turning on a small and well-greased axis, so that the friction may be neglected with- 
out introducing any appreciable error. Now, having marked conspicuously the inter- 
section with the surfaces of the block or gun of the plane passing through the axis of 
motion and the centre of gravity, which plane is vertical when the pendulum hangs 
freely, the inclination of this plane under the action of the weight, which is the angle 
through which the pendulum, is pulled, is easily observed. 

Let, then, p represent the weight of 
of the pendulum ; 

h, the unknovm distance of its centre 
of gravity from the axis of motion ; 
Gj the angle through which tlie pen- 
dulum is pulled ; 

the perpendicular let fall from the 
axis of motion on the direction of 
the cord ; 

f, the tension of the cord, or the 
weight suspended from its extre- 
mity j and we have the relation 
id == pk sin a ; 

and hence the required moment p h 
is given by the expression 


Position of the centre of osciMation . — The distance of the centre of oscillation from 
the axis of motion, or length of the equivalent simple pendulum, is obtained by set- 
ting the pendulum in motion and observing the time of a certain number of vibra- 
tions. Thus, if n be the number of vibrations in the time g the force of gravity at 
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Foi^mwlm for the velocity of the halL 

1 . By the hallistic pendulum: 

Let p represent the weight of the pendulum. 

h the distance of its centre of gravity from the axis of motion. 
I ,, ,, oscillation 

i ,, the point of impact 
5 the weight of the ball. 

V the velocity with which the ball strikes the pendulam, 
a the angle of the first semi-vibration of the pendalum. 




h V 


The mass of the ball being its quantity of motion atthe instant of impact is 


and the moment of this quantity ofmotion about the axis of motion is - 


9 


After the impact, all parts of the pendulum, including the ball, move with the 
same angular velocity ; and if cu represent this angular velocity, the quantity ofmotion 
communicated to an element m at a distance r from the axis of motion is w 9* w, 
and the moment of this quantity of motion about the axis is co r* d m. The sum of 
all such moments, or the moment of the quantity of motion of the whole pendulum, 
is &>/ d m, the integral being taken for every particle of the pendulum, including 
the ball. Now, by the previous adjustment of the pendulums, the point of impact 
cannot be far from the centre of oscillation, and the position of this centre may there- 
fore he assumed to remain constant without introducing any sensible error. We have 
therefore 

moment of inertia fr'^ dm 




moment of the mass 


and hence 


-Sh Hr -: 
9 


0 ) f r- d m= w . 


{ph Jr b i) I . 

^ , 


and, since this must be equal to the moment of the quantity of motion of the ball 
before impact, 


bv i (p h+ h {) I 

_ „ ,, ^ , 

and^; = 


9 

{ph I i) I 


k 


The velocity of the centre of oscillation is I w, and since this point moves as though 
it were isolated, its velocity at the lowest point of its coarse is also that due to an 
altitude equal to the versed sine of the angle of semi- vibration ; so that 


l 0 t=i a/ ^ QQs a) = aJ %gl ^ % sih-^ | « == 2 sin f a 's/ g I ; 

and therefore = 2 sin | a 

In a set of experiments with balls of the same kind and calibre, since & i is small 
in comparison with^j no sensible error will be introduced by assigning to 5 t, in the 
numerator of the above expression, a constant value equal to the mean weight of the 
balls, multiplied by the mean distances of the points str uck fr om the axis of suspension. 
By this assumption the whole term (p> h + b i) '\/ g Z, becomes constant for one 
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set of experiments ; and the value of tliis term being fouiicl, tbe formula is extremely 
simple and adapted to logarithmic computation. Since 2 sin ^ a = chord of a, the 
velocity is directly proportional to the chord of the arc of semi-vibrationj and inversely 
proportional to the product 5 i. 

2. By the gun same notation being employed as for the ballistic 

pendulum, the moment of the quantity of motion of the pendulum is 

CO = 2 sin 4 t >/ g 

9 9 

As the ball and wad leave the muzzle of the gun together, theii’ quantity of motion is 

{I 4- w)v weight of the wad. The expansive force of the gunpowder 

9 / 

which produces this quantity of motion may be considered as acting on an area of a 
great circle of the ball ; and as it acts with equal intensity on the aimiiliis between the 
ball and the bore, driving out a portion of tbe elastic fluid past the bail, the quantity 
of motion will be increased by this circumstance in the proportion of the area of the 
cross section of the bore to that of a great circle of the ball, or in tlie proportion of 
the square of the diameter of the bore to the square of the diameter of the ball The 
quantltyof motion, therefore, of the ball and wad, and of the fluid which escapes past 
the ball, all taken together, is 

(5 -f V 1)2^ 

and its moment about the axis of suspension is 
ip ■¥ w)'oi D* 
g ' d 

D and d being the diameters of the bore and ball respectively, and i being now the 
distance from the axis of suspension to the axis of the gun. 

Again, if d be the weight of the cartridge, including the bag, and the elastic fluid 
behind the ball be assumed to have a mean velocity equal to half that of the ball at 
the moment the ball leaves the gun,* the quantity of motion of the inflamed powder 

d V 

and of the cartridge^bag is represented approximately by 4 , andits moment 

V i 

with respect to the axis of suspension by 4 

After the ball has left the gun, the clastic fluid still eontimies to expand , and, in 
consequence of the resistance of the air, to re-act on the pendulum and increase its 
recoil. The quantity of motion due to this cause may he considered proportional to 
the quantity of powder in the charge, and may therefore be represented approximately 

by c being tbe weight of the powder, and m a constant multiplier to be deter- 

g 

mined by experiment. The moment, then, of this quantity of motion about the axis 

A . . c mi 

of suspension is 

■ 9 ■■ ■ 

The sum of the moments of all the quantities of motion of the ball and the charge 
is therefore 

(5 + w) vi j ^ ^ ^ ^ 

9 d ^ g 

and this must be equal to the moment of the quantity of motion of the pendulum j 


* Hutton, 37th Tract. Proh. 10. 


PENETRATION OP PROJECTILES. 


93 


so that 

CJ cP ^ 9 9 9 ^^ ' . 

and lienee 

2 sin I a cm 
■a 

E=s — ' tS 2 'J ^ 

(5 + ,,).^+^ 

To prevent the ‘ballistic pendulum from 'being acted upon hy the blast of the gun, 
the cannon pendulum should be placed at a distance from the ballistic pendulum of 
not less than 60 feet, and a screen should be placed at some little distance in front of 
the face of the pendulum bloolc, *with a hole in it of about 12 inches diameter, for the 
passage of the shot. 

The musket pendulum may he set up at about 10 feet distance from its ballistic 
pendulum, and a screen, having in it a hole of about 2 inches diameter, should he 
placed in front of the &ce of the pendulum block, at some little distance, say 2 feet. 

Captain Mordecai, from the results of his experiments at Washington, draws the 
conclusion, that the only reliable mode of proving the strength of gunpowder is to test 
it with Service charges, in the arms for which it is designed, for which purpose the 
pendulums are perfectly adapted. 

Por powder to he used in cannons, he advises the cannon pendulum alone to be 
made use of, as its indications correspond remarkably well with those given by the 
ballistic pendulum, and the use of the large ballistic pendulum is difficult, slow, and 
expensive. For the proof of powder for small arms, he recommends the small ballistic 
pendulum to be fired at from a barrel set in a permanent frame. 

The same gentleman states that in a 24-pounder gun new cannon powder should 
give, with a charge of Jth, an initial velocity of not less than 1600 feet, to a ball of 
medium weight and windage j and that the initial velocity of the musket-ball of 0*05 
inch windage, with a charge of 120 grains, should be— 

With new musket powder, not less than 1500 feet. 

With new rifle powder, „ ,, 1600 ,, 

With fine sporting powder, „ ,, 1800 ,, 

He also comes to the conclusion, that the common eprouvettes are of no value as 
instruments for determining the relative force of different kinds of gunpowder, 

PENETRATION OF PROJECTILES.*— The following Tables and Notes 
relate chiefly to the effects of artillery on fortifications and buildings connected 
therewith, — its powers in the field under various conditions and positions being foreign 
to the principal object. 

The information whence these notices are derived has been taken from tbe ^ Aide- 
Mdmoires’ in the French Service, ‘ Journal des Sciences Militaires,’ &c.j Belidor, &c. 
Several notes have been forwarded to me by individuals, and are included ; a few are 
my own. The French measures and weights have been frequently retained, having in 
some instances their equivalents given in English terms. 

The following Table is the result of the experiments at Metz, and of calculations 
founded thereon, according to Hutton’s Theory. 



^ By the late Colonel Emmett, B,E. 
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FlINEf RATION Of PROJECTILES. 


Penetration into Masonry, good Euhhle, as that of the Reveimenis at 3fefz constructed 
ly Yauhan, {Aide-Memoire d V Usage des Officiers d^ ArUlkrie,) 


Anx Distances de Metres. 


1 

25 

50 

100 

200 300 

400 

600 

k. 

m. 

m. 

m. 

m. m. 

m. 

m. 

6-00 

0-680 

0-670 

0-650 

0*605 0-565 

0-530 

0*455 

6*00 

0-650 

0*640 

0-615 

0-570 0*530 

0-490 

0 41.5 

4-00 

0*615 

0*605 

0*580 

0-535 0*495 

0-460 

0 385 

3*00 

0*575 

0*565 

0*545 

0*505 0*465 

0*425 

0 350 

200 

0 510 

0-500 

0*480 

0-440 0-400 

0-365 

0 300 

1*50 

0*440 

0*430 

0*410 

0-370 0-335 

0-300 

0*245 

4-00 

0*570 

0*555 

0*530 

0-485 0*445 

0*405 

0*325 

2 67 

10*535 

0-525 

0*500 

0*455 0*415! 

0*375 

0*300 

2-00 

i 0-495 

0-485 

0*465 

0*425 0-385: 

0-330 

0-275 

1*331 

i 0-435 

0*425 

0*410 

0*370 0*330' 

0*295 

0-230 

1*00! 

0380 

0*370 

0-350 

0*310 0*275' 

0*240 1 

0*190 

2-00 

1 0*480 

0*470 

0*445 

10-405 0*370 

0*330 

0*255 

1*50 

0*450 

0*440 

j 0*420 

0*380 0*340; 

0*300 

■0*225 

l-ool 

0-395 

0-385 

!0'365 

0*330 0*290 

0*255 1 

0*190 

0-75 

0 350 

0*340 

1 0*320 

0*280 0*245 

i 0*210 

0*165 

1*25 

0*405 

0-395 

i 0-375 
! 

0*335 0*295 

1 0-260 

0*190 


; Englisli Measures. 
: Diam. ! Ciiargo 


800 { 1000 of Miot. ATOirdiipJ 


I m. ‘ inches. 
! 0-310 6-648 


'0-275 1 5*808 ! 
0*250 1 ^ 

i 0*230 i ... 
' 0-2001 ... 
,0165: ... 

0105 1 5-074 
0*185 1 ... 

' 0*170 i ... 
0-150 1 ... 
0*130 1 ... 

: 0*155* 4-610 
O-I40j 
0*125 i ... 

0 110 ... 
0*105 4-027 


• NOTES ON THS TABLE. 

Tlie above penetrations multiplied by 

1 '25 will give tbe penetration into masonry of moderate quality. 

1*76 „ „ brick. 

0*46 „ ,, oolitic calcareous rock. 

1. Shot fired at sbort distances from tbe wall, perpendicular to it, formed an entom oir, 

tbe exterior diameter of wMcb equalled five times tbe diameter of tbe shot, —tbe 
internal opening being cylindrical,^ — scattering splinters to a distance of 40 or 60 
metres, and forming a train of fragments in front of 6 metres. 

Tbe shock of the shot loosens the masonry to a distance one-half greater than tbe 
diameter of the exterior of tbe opening, being for the 24-pr. = 1*16 metre j for 
tbe l6-pr. =*90 ; for tbel2-pr. *80. 

2. Sbotfired against masonry with a charge of one-quarter their weight, usually break 

on a meridional plane of which the pole is the striking point .* 

3. The effect of shells on masonry is little ; they break the moment of striking with 

an ordinary charge, and with low charges make but little impression, f 

4. By the trials at Metz, it appears that a masonry scarp may be breached at the 

distance of 40 to 60 metres by oblique fire; with a charge of J the weight of the 
shot, at an angle of 25° to 30°; and with that of |rd at an angle of 40° to 45°. 

5. The effect of shot of different calibres in breaching is nearly proportional to their 

weight (charges, it is presumed, being proportionate). $ 


* This remark applies to shells : whether hollow shot have been fired against masonry I am 
not aware The S-inch shell weighs from 42 to 44 lbs. ; the S-inch hollow shot about 56 lbs. 

t In 1810, trials were made at Glatz with shells from a 24-pr. against a wall of cut stone and 
brick, well built, and of several years* standing : the wall was 16 ft long, 7 high, and 4^ thick. 
The charges varied from 1 % lb to 54 S)s. In every instance the shell was completely si>iintei*ed, 
—-the penetration into the masonry being from 9 to 18 inches,— -the diameter of the opening from 
1 foot 6 inches to 2 feet 7 inches ; but the wall was not in tbe least shaken by therfi : but a single 
^-ibs. shot fired from a howitzer with a charge of 1| lb. sensibly shook the wall and cracked it. 
The fuzes of the shell would have fired the charges about half the number of rounds. 

J On comparing tbe number of rounds and the time requisite for making breaches with the 





IPENEXEATION OP PEOJECTILES. 


95 


6. The heat produced hy the concnssioE is greafe, particularly when the shot break. 
In both cases the lime appears to be partially calcined. 

ExpCTiiyiButs cat Fovt Movito AysBuiaZ {JJwitBd States) %% 1839, 






Mean Penetration. 





Dressed 

Potomac 

Hard 

Calibre. 

Charge. 

Elevation. 

Distance. 

Granite. 

Freestone. 

Brick. 

! 

lbs. 

0 / 

yds. 

in. 

in. 

in. 

Shot, 







32, -pr. gun . . • . 

8 

1 0 ' 

880 

3’5 

12- 

15*25 

Shell 





4*5 

oo 

8 -inch sea-coast howitzer 

6 

1 35 

880 

1- 


The solid shot broke against the granite, but not against the freestone or brick. 

The shells broke into small fragments against each of the three materials. 

The circumstances attending the penetration of the shot and shells correspond with 
those above stated in the experiments at Metz. The walls used as targets were built 
of dressed stone, and of the best bricks, laid in hydraulic cement ; hut being isolated 
walls (10 feet square of each material, and 5 feet thick, with S counterforts), and 
being battered before the masonry was perfectly set, the effect of the projectiles in 
shattering the masonry around the point struck was greater than indicated by the 
experiments referred to at Metz, 

VARIOUS KOTES. 

1. Effects of a long 24-pr. on a scarp of columnar basalt of the Ehine, generally 

raised in blocks of 4 to 5 feet by 8 to 10 inches in diameter, —frequently used as 
headers,— distance 160 feet,— 

charge of 10 lbs. — penetration into the basalt 10 inches. 

„ 4R»s. „ 4 inches. 

Twenty rounds were fired, giving the same results. 

2. Bermuda hard limestone walls of rubble masonry with ashlar facings of 2' x 1' x 

V 6^', being an old lime-kiln. At 40 feet, three rounds of a 32-pr. of 9 feet 
6 inches were fired: the first two penetrated 5 feet 6 inches each; the third, 
entering tbe first opening, passed through the wall, which was 8 feet 6 inches 
thick, and struck the opposite side. 

3. A masonry embrasure was ruined at 175 yards by 15 rounds from a 24-pr., lOlbs. 

charge,— and another in 20. (Neither place nor particulars have been given me.) 

4. Effects on concrete , — A magazine built at Woolwich for the purpose of experiment': 

span of arch 18' — ^rise | to J — thickness nearly 4 feet; abutments 4' 6" to 
springing of arch — thickness V &'—dos d'dne on the arch. Five shells were 
fired at 45® from two 13-inch mortars, distant 500 yards, — shells loaded with 
sand, weighing 200 Bs, All struck the building, —two only fairly upon the arch, 
which they penetrated to about Jrd their own diameter, pulverizing the concrete 
10 to 12 inches, forming craters 2 feet and 2 feet 6 inches diameter. The arch 
was cracked by each, vertically from the side of the crater— the cracks shewing 
themselves through on the soflElt of the arch. The two struck on the same hori- 
zontal plane, distant 4 feet 6 inches, and a crack was made between the two craters. ' 
Two shells were fired at 75° elevation ; the effect of one on the rear of the building 
was similar to those at 45°; the other entered the crater of one of the first, 
enlarged it to 3 feet, and pulverized the concrete to 15 inches deep. 



24-pr. and 16-pr. (Metz), their proportions appear to be in an inverse ratio to the weight, being 
nearly as 16 to 22, In both cases the consumption of powder and of shot was nearly equal . 





§0 penetration oe projectiles. 

Two Bliots fired at the abutments from a 24-pr., distant 250 yards, penetrated about 
S feet 10 inches, forming craters 3 feet diameter, and casting a few splinters to a 
distance of 40 to 60 yards. These likewise cracked the mass, and judgmg from 
the effects of two shots subsequently fired, it is probable the arch would soon 

have been "brouglit down. _ 

It is to be remarked that the abutments, built on soft ground, had settled considerably, 
and split the arch along its entire length, forming a crack ^ inch open this 
before trial— and that tbe concrete was not diy. 

5. At tbe siege of Landan, on a magazine of Yauban’s construction, upwards of 80 

shells fell without doing it any damage; the same occurred at Ath and other 
places. At that of Tournay, upwards of 45,000 shells wmre^ thrown m4o the 
citadel, of which the greatest number fell on two similar magazines, semicircular 
arches, as at Landau, without doing them any damage; whilst two souteiTains 
arched entiers point, and covered over for 40 years with 5 to ^6 feet of earth, 

weveenfonce. All Yauhan’s have stood without failure. 

6. At the siege of the Castle of Scylla in 1806, a battery of field-guns was placed In a 

position to bear into tbe embrasures of the casemates, out of view of the artillery 
of the castle. On the fall of the castle, the effects of Ae fire exhibited by the 
indentations of the walls, and other marks of destruction and slaughter, proved 
that, under the usual construction of the embrasure, casemates would be untenabk, 
if exposed to direct fire. — [Jones*) (See article * Breach, vol. i.) 


PenotvcLtions in seitleJ Gvound, hojf GMy, Judf SttnuL 


Shot. 

Charge. 

Distances in Metres. 

Eng 
M.ea£ 
Diain. l 
of 

Shot. 

Hsh 

jures. 

Charge 

A\*oir- 

clupois. 

25 

50 

lOO 

200 j 

300 

4001 

1 

600 1 

8oo!ioooj 


1r 


m. 

m. 

m. 1 

m. 

1 

ra. 

m. ! 

m. i 

m. 

inches. 

1)S. 

86 

6*00 

2*77 

2*70 

2*60 

2*47 i 

2*37 

2*27 i 

2*09; 

1*92 '■ 

177 

... 

13' 234 

r 

6*00 

2*75 

2*67 

2*52 

2-311 

2-14 

2*02; 

1*84 i 

1 68' 

1*54 

... 

13-234 

f 

1 

400 

2*55 

2 48 

2*35 

2*18; 

2*06 

1*96 

1*78 

1-62 

1 48 


8 823 

24 \ 

3*00 

2*35 

2*29 

2*20 

2-07 ! 

1*97 

1*88 

1-71 ; 

1 57 

1*45 


6-617 

1 

2*00 

2*12 

2*09 

2*03 

1*92 

1*83 

1*75 

1*59 

1*45; 

1*33! 

... 

4 411 

[ 

1*50 

1*94 

1*90 

1*84 

1*75 

1*67 

1*60 

1*46', 

1*32! 

1-20| 

... 

3*309 

r 

4*00 

2*40 

2*31 

2*18 

1*97 

183 

1*72 

1*56 

1*42! 

128’ 


8 823 

1 

1 

2*67 

2*2() 

2*12 

2*02 

1-87 

1*76 

1*67 

1*52 

1*38: 1*25 


S-888 

16 \ 

2*00 

2*05 

1*99 

1*91 

1*77 

1*69 

1*61 

1*47 

1*33 i 1*20 

... 

4-411 

1 

1*38 

1-85 

1*80 

1*73 

1*65 

1*57 

1-50 

1*36 

1*24 

1 13 

... 

2*94 

1 

1-00 

1*69 

1*66 

1*62 

1*54 

1*47 1*40 

1*28 

M6 

! 05 

... 

2-206 

r 

2*00 

1*65 

1*61 

1*52 

1*39 

1*29 

1*22 

1*09 

0*98 

089 

... 

4-411 

- J 

1*50 

1*54 

1-50 

1*42 

1*32 

1*24 

M7 

1*05 

0 95 

0*86 

... 

3*309 

12 1 

1*00 

1-39 

1'36 

1*29 

1*22 

M5 

1*09 0 98 

0*89 

0 82 


2*206 

! 

0*75 

1*27 

1*24 

1*20 

M3 

1*06 

1*01 

0*S2 

0*84 

078 


1*654 

8 

1-25 

1*43 

1*39 

1*32 

1*19 

1*10 

1-02 

,0*90 

0*81 

073 


2*757 

Bowitsers. 








1 






2*00 

1*23* 

1*20* 

M5* 

1*06 

0*98 

0-90 

0*77 

0*66 

059 

8*661 

4*411 


1*50 

1*09* 

1*06 

1*02 

0*94 

0*86 

0*79 0*69 

0*61 

0*65 


3*309 

22®. « 

1*00 

0*88 

0*86 

0-82 

0*75 

0*70 

0*65 

0*58 

0*53 

049 

... ■' 

2*206 


0*50 

0*58 

0*57 

0*55 

G‘S3 

0*51 

0-49 

0*45 

0'42 

0 40 

... 

MOB 


1*50 

1*34* 

1*30* 

1*24 

1*14 

1*04 

0-95 

0*78 

0*64 

0 66 

6*299 

3*309 

16®. ' 

1*00 

1*15 

M2 

1*08 

0*98 

0-89 

0*81 

0-67 

0-57 

0-50 


2*206 


0*75 

1*01 

0-98 

0*94 

0*85 

0-78 

0*71 

0-60 

0*52 

0 46 


1*654 


1*00 

1*13* 

1*09* 

1*04* 

0*93 

0*83 

0-74 

0*59 

0*48 

0-41 

5*906 

2*206 

25®. - 

0*50 

0*85 

0*82 

0*78 

0*70 

0’63 

0*57 

0*46 

0*39 

0*34 

5*906 

M03 

12®. 

0*27 

0*69 

0*67 

0*63 

0*55 

0*49 

0*44 

0-37 

031 

0*26 

4*724 

•595 

WaU-j 

'0*010 

0*25 

0*27 

0*22 

0*15 

0*11 

0*08 

0*04 





pieces. 1 

0*008 

0*30 

0*28 

0*24 

0*19 

0*15 

0*12 

0*08 
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Note. — AttLe experiments at Metz, after breaelimg tlie masonry witL 24-prs. at a 
distance of 31*9 metres, sLells were fired from the 24-prs. and from 8-incli howitzers, 
to raze the parapet. The effect of the former was very inferior to that of the latter. 
Of the 8-inch shells, eighteen were fired loaded with 4'4Ibs., 2*2 lbs., and 3*3 s.Ib 
charges (English). Of these, sixteen burst in the parapet with great effect. Previous 
trials had shewn that with a higher charge the shells split in striking sand. The 
parapet was reduced to 2 feet in thickness, and the firing discontinued. 

With high charges, and at short distances, shells often split, — marked thus (*) in 
the preceding Table. 

Penetrations in otJi&* Earths^ obtained by multiplying the above numbers hy the 
following factors : 

Sand mixed with gravel • . . • . . 0*63 

Earth mixed with sand and gravel, weighing above 
twice that of water . . . - . . 0*87 

Settled vegetable sod, a made ground, sand and clay . 1*09 

Humid stiff clay , ... • , . 1*44 

Earth lightly settled . ...... I*fi0 

Earth recently removed . . . . . .1*90 

Sand, a sandy ground mixed with gravel, small stone, and chalk, resist shot better 
than strong clayey ground, or that which imbibes and retains water. 

When earth is softened by long rains, or the melting of snow, shells penetrate 
nearly double the distance ; the fuzes, if not driven home, are generally broken, and 
at times the shell is broken at the fuze-hole. 


Penetrations of Shells in Earth, Wood, and Masonry, 





Settled Earth. 

Oak Wood. 

Rubble Masonry 
of good quality. 

Degrees, 


Distances. 

22^ 

27*=. 

32^ 

22«. 

27“. 

32. 

22*^. 

27“. 

32'=. 



m. 

m. 

m. 

m. 

m. 

m. 

m. 

m. 

m. 

in. 

30 


600 

0*20 

0*45 

0-50 

0*10 

0*20 

0*22 

0*05 

0*09 

O’lO 


1200 

0*25 

0*65 

0-70 

0*12 

0*30 

0-35 

0*06 

0*12 

0*13 

45 ! 

1 

1 

600 

0*30 

0*50 

0*55 

0*15 

0*25 

0*27 

0*08 

0*10 

0*11 

1 

1200 

0*40 

0*70 

0-75 

0*20 

0*35 

0*40 

0*10 

0*14 

0-15 

60 ! 
1 

) 

600 

0*50 

0*75 

0*80 

0*22 

0*33 

0*37 

0-11 

0*15 

0*16 


1200 

0*55 

0*80 

0*85 

0*25 

0*35 

0*40 

0*12 

0*16 

0*17 

Under the 1 




1 






greatest force > 
of descent ) 

0*60 

0*85 

0*90 

0*25 

0*35 

0*40 

0*12 

|o*17 

0*18 


22 centimetres = 8*661 inches English ; 27 == 10*630 ; 32 = 12*599. 


HOTES. 

1. A battery of 24-prs. in breaching earthwork at 600 metres will consume from 

three to four times the ammunition required at 40 metres, 

2. By experiment in Silesia, four shells of 6 po. 1 lig., and twenty-two of 24 lbs., fired 

with full charge, formed a breach inj au earthen rampart, having a slope of 15° 
from the vertical, at a distance of 125 metres, of 8 feet wide at the summit, and 
24 feet at the base. 


3. Penetration of shells fired at 45° elevation into 

a firm earthen parapet 

6| jnolies at 

600 jmees 

. 6 inches. 

. H „ 

GO 

o 

o 

*. . 1 foot. 

9 „ 

2500 „ 

. . 2| feet. 

11 „ 

900 „ . 

, . 2 feet. 

11 » 

2800 „ 

. • 3 feet. 


VOL. III. H 





t)g mnetra^ion oe projectiles. 

4. Atstrastegli, W 12-ineii shells, loaded 13tte., we buried iu strong 

€artli at tLe foHomng depths : 

4 feet deep — ^the diameter of the entormoir mas S feet. 

« 12 feet. 

7 ” » ’’ 

5. AtGIatz, averyfirmeartliwt, 18 feet tWok and 154 liigli ™ 

jected to the fire of 6|-incbi sheHs from 24-prs. at the distanoe of oOO paces . 
charge, 6 His, ; bursting charge, 13 oz, After 100 rounds, o j nci m 

the wt, an accessible breach rras made ; and after 220 more rounds, of 
•BThich 93 burst in the parapet, all cover was destroyed.^ It was thence con- 
cluded that 200 rounds of 5|-inoh sheUs would, under similar circumstances, 

form a breach IS fathoms long. j? * 

6. A Md-battery, 12 feet tHck, haying three embrasures and ditch m front, yms 

rendered untenable by 100 rounds from a 12-pr. howitzer at 500 paces ; 39 

shells hurst in the parapet. , . t r 

7. At Berlin, in 1802, howitzers of 10 ffis. and 7 lbs. were placed on a glacis before 

the face of a bastion of mixed earth which had been constructed twenty years, 
0 ascertain penetration, and whether the fuzes would ignite the charge i‘f the 
shells. The penetration yaried from 2 to 3| feet with a charge vi -.i oi t le 
10 lbs., and from 1 foot to 2| for the 7 liyres with 1 i t>. charges. In each case 
the fuzes would hare fired the powder half the number of rounds. 

MesuUs of Bxpemnents atSL Orner in 1799, and at La Fere m 1S17. 

Parapet fifreoenfc 

TOtt the ordinary chargai ‘ “wmotref 

Field Guns, Mean. Extreme. Mean. Extreme. 

4.pr. . . 17 9 195<=. 222«. 2I5«. 

6 „ . . . 211 219 271 281 

S , . 244 276 321 325 

1« ” 322 325 3S3 470 


With the ordinary chargei In an old parapet Jit cci 

117 metres. . i' 

Field Guns, Mean. Extreme. Mean. 

4.pr. . . 17 9 195“- 222°. 

6 „ . . . 211 219 271 

8 „ . . 244 276 821 

16 „ . . . 322 825 3S3 

Siege Guns. 

IC-pr. . . 352 395 883 

24 „ . . . 414 436 526 

Gribeauvai’s Howitzer, ) 70 73 88 

ebamber full • • ) 

At 80 metres . . . 104 HI ^30 

With the charge equal to | 
weight of shot at 40 metres : 

16-pr. . . 490 

24 . . 530 

Effects of Shells loaded with Sm-iee Charr/e. 


Howitzers of 


Mortars of 


Number of splinters weigh- 
ing more than 0*1 kil. . 


12”. 16'. 

16«. ' 22«. 

22*=, 

■f 

27®. 

,32®. 

17 22 

21 33 ! 

■ 1 

33 

IS 

i 22^ 

14 19 

17 28 

28 

18 

122 


'■'22 =' ■ 8'‘661 
■^27 10 ''630 

32' 


1. *On sinking into the ground and bursting, the entonnoirs are generally from two to 
three times the depth iu diameter. With small charges no entonnoir is formed. 


* The centimetre is O'BOi of an inch. 
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2. Splinters are often thrown to a distance of 600 to 800 metres. 

3. The effects of very large shells are less in proportion than their weight. 


Pmeirations into Oak, 







Distances in B 

letres. 




Shot. 

Charge. 

25 

50 

100 

200 

300 

400 

600 

800 

lOOO 


k. 

m. 

m. 

m. 

m. 

m. 

m. 

m. 

m. 

m. 

36 

6-00 

1-66 

1*63 

1*58 

1*48 

1*38 

1*29 

1*12 

0*95 

0*80 

r 

1 

6*00 

1*60 

l'S6 

1*50 

1-39 

1*29 

1*20 

1*02 

0*85 

0*70 

4-00 

1*50 

1*47 

1*42 

1*31 

1*21 

1*12 

0*95 

0*78 

0*63 

24 i 

3'00 

1*41 

1-38 

1*33 

1*23 

1*14 

1*05 

0*88 

0-72 

0*58 

2-00 

1*25 

1*23 

1*18 

1*09 

1*00 

0*92 

0-75 

0*61 

0*49 

[ 

1*50 

1*08 

1*06 

1*02 

0*93 

0*85 

0*77 

0*62 

0*50 

0*40 

f 

4-00 

1^39 

1*35 

1*29 

M 8 

1*08 

0*99 

G'Bl 

0 65 

0*50 

2-67 

1*30 

1'27 

1*22 

1*11 

1*02 

0*93 

0-76 

0*60 

0*47 

16 i 

2-00 

1*21 

1*18 

1*13 

1*04 

0*95 

0*86 

0*70 

0*65 

0*43 


1*33 

1*07 

1*05 

1*01 

0*92 

0*83 

0*75 

0*59 

0*45 

0*36 

f 

1-00 

0*94 

0-92 

0*87 

0*78 

0*70 

0*62 

0*49 

0*38 

0*30 

2 G 0 

1*17 

1*14 

1*09 

0*98 

0*89 

0*81 

0*65 

0*50 

0*37 

" 1 

1*50 

1*10 

1*07 

1*02 

0*93 

0*84 

0*76 

0*60 

0*46 

0-34 

1*00 

0*96 

0*94 

0*90 

0*81 

0*72 

0*64 

0*49 

0*38 

0*29 

L 

0*75 

0*86 1 

0*84 

0*79 

0*70 

0*62 

0*55 

0*42 

0*33 

0*25 

8 

1*25 

1*00 

0*97 

0*92 

0*82 

0*73 

0*65 

0*49 

0*35 

0*27 

Howitzers. 

2'00 

0*72 

0*70 

0*66 

0*57 

0*49 

0*42 

0*33 

0*27 

0*23 

22 c . 3 

1*50 

0*59 

0*57 

0*53 

0*46 

0*40 

0*35 

0*28 1 

0*24 

0*21 

1*00 

0*41 

0*39 

0*36 

0*32 

0*29 

0*26 

0*22 

0*20 

0*19 

\ 

0*50 

0*23 

0*22 

0*21 

0 21 

0*19 

0*18 

0*17 

0*16 

0*15 


. 1*50 

0*84 

0*81 

0*77 

0*68 

0*60 

0*52 

0*38 

0*30 

0*25 


1-00 

0*70 

0*68 

0*64 

0*55 

0*47 

0*40 

0*29 

0*23 

0*20 

1 

0-75 

0*58 

0*56 

0*52 

0*44 

0*37 

0*32 

0*25 

0*21 

0*18 

15 c . 

1*00 

0*70 

0*68 

0*64 

0*55 

0*46 

0*38 

0*26 

0*20 

0*16 

0*50 

0*48 

0*46 

0*42 

0*34 

0*28 

0*24 

i 0*19 

0-16 

0*13 

12 c. 

0*27 

0*38 

0*36 

0*32 

0*26 

0*21 

0*18 

0*15 

0*12 

0*10 

JBaUs, 
Wall- \ 
pieces, ( 

0*010 

0*008 

0*085 

0*090 

0*080 
0 085 

0*065 

0*075 

0*045 

0*057 

0*0*27 

0*045 

0*018 

0*035 

0*008 

0*025 



Tor diameter of shot and charges, in English, see former Tables. 


for the following Woods, 

Beech, ash . . . . , , 1 .q 

Elm . . , ..... 1-3 

Fir . . . . . . . , 1-8 

Poplar . . . . . . , . 2*0 

In oah, the fibres laterally separated by shot immediately close, leaving scarcely an 
opening ; hnt the rent is often 2 yards long, and the splinters are thrown to the dis- 
tance of from 12 to 15 metres. 

In fir, all the fibres are completely broken, but the only effect produced is the void. 

VARIOUS NOIES. 

1, A 24-pr. shot at 175 paces, 10 lbs. chai'ge, went through two rows of baulks with 

2 feet 9 inches of rammed earth between them, and penetrated 6 to 12 inches 
into a wall behind. 

2. An Austrian 24-pr. shot, with the ordinary charge, passed through a soft wood 

wall, cramped with iron, 9 feet thick. In a mass of 12i feet thick, the pene- 
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totion was from 9i to 10 feet ; and witli a cTiarge of 9| '^“P- ^ 

61 " bMI from a 24-pr. grm. mth acharge of 4.P»., entered -i feet. 

3. Experiment in Hew lork Hartonr, in 1814 : 

PeMtratim in a Target of Wl^He Oah Thnler 5 feet tMck. 


G-\xu. 

Charge. 

Distance. 

Penetration. 

Remarks. 1 

32-pr. ! 
Do. 

tt*s. 

11 

11 

yards. 

100 

150 

inches. 

60 

54 

shot wrapped with leather | 
|to destroy windage. j 


Two oak walls, 13 feet Mgk, 27 mcaes tiiicK, auu ..u ..vu 
800 paces witk O-iucli slxells. All passed tliroiigli tke first, aad some ^reaelieil 

L heart of the second wall, and bursting, ripped off the ^‘““S of ne.ghhour- 
ing portions, making rents of 4 to 5 feet long on both aides of the ^all. 

Effect on covered Batteries (Dublin Note). . i • 

a Battery 16' x 10' in the dear-joists 4 feet from centre to centre hearing 
h^illSsillslOfeeto-planklS" >< 6", laid flat, covered with clay, a layer of 
fasdnes, and 3 feet of earth, -received at 600 paces— 

One 11-ineh shell and 2 of 6V' at 60° elevation | geriona injury. 

OneU-inch „ and 2 of „ at 4o » ) . , , 

5 Covered Mortar Battery in lS22.-Sills, joists, and covering baulks, 1- U 
' —stanchions 4' 8" apart— joists same distance— 9 feet wide m dear, hai mg an 

-r]^*il!tortiut^th 54 Bis. bursting charge, were buried 3 feet; nearly 
all the joists were broken, hnt the covering baulks were not injured. 

An U-ink shell (5 Bis. charge), laid on the earth covering, shattered a covering 
baulk, and made a crater of 9 inches diameter, hut did not daimage the jois . 

Shells with 3 or 4 fts. did not damage the baulk.- 

The stanchions werelined with 3-inch plank, and when three 11-inch shells, with 
51hs. charge, were burst within the battery, the supports were so crippled as 
to he unequal to hear the weight above. With 3 or 4 lbs, the damage was 

c. At A^wen), in 1832, a covered morto battery stood proof that was striick 
with several shells-length 18 feet, breadth 12 feet ; having hvo stanehions 
in the length of 16" x 8"- with 8-iiich fr.aming-~ooveriiig beams, spars ol 
6" X 7" ; then tliree layers of iasciues, aud 3 to 4 ieet of earth. 

6 In Silesia, in 1810, a shell' of 6 p. 1 lig. 6 ps., fired from a howiim- at 330 metres, 
with a charge of fl^tts., against a blockhouse 334 feet long, 19^ feet wide, a e 
65 ft. high, penetrated the wall, and filled the interior with smoke insupportable 
for six minutes, though the door and loopholes were open ; shell loaded with .-3 os. 
7. In 1778, a blockhouse at Sohweidelsdorf was twice attacked without success : 
2 guns and 1 howitzer were brought against it,— the first had little eSeot, hn 

tbe liowitzer set it on fire. , , , * i « 

8 Blindages at Ciudad Bodrigo, when occupied by tlie Preneb, placed against ffi 
interior wall of raraparts, or otlier substantial walls ; formed of oak, D, ieet 
long 8 inches square, 20 to 22 inches from centre to centre, placed mi a siH 
6 feet from the wall, their heads let into the wall ; covered with 3-uiuh olrn 
plank • a few of the blindages wore injured, hut none hurst into by shells. 

9. At the attack of Dresden, in 1813, by the Allies, two redoubts on the left bank 
of the Elbe, in advance of the stockade covering that part of th“ city, were 
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carried ; but tbe stockade (apparently constructed of unsquared wood, trunks 
of trees), thougli partially injured, was nowhere breached by their artillery. 
(Rogniat.) 

Effects of Shot and Shells against Shipping, 

1st. Results of practice at the ‘Prince George,’ to try and compare the penetration 
of single shot from H.M.S. ‘Excellent,’ in October, 1838, — ^Portsmouth Har- 
bour. Distance 1200 yards. 

18-pr 6 tbs. charge; penetration = 25 J inches ayerage. 


24-pr. of 9 feet 6 inches, 

. 8 lbs, ,, 

>» 

= 30 

>> 

32-pr. of 7 feet 6 inches, 

. 6 lbs. „ 


= 30 

9 f 

32-pr. of 9 feet, . . . . 

. 6 lbs. „ 

>> 

= 30 

>> 

32-pr, of 9 feet 6 inches, 

.10 Bs. 11 oz. 

tf 

= 34 


68-pr. of 9 feet, or 8-inch gun, 12 lbs. ,, 

>> 

= 35 


,, • . • . • . 

,10 lbs. „ 

» 

= 35 

)> 

68-pr, carronade of 5 ft. ) 

4 inches, . . . . y 

• 54 Sbs* , , 

ff 

= 30 

99 


Mem , — It is impossible to trace with accuracy the penetration of shot in the sides of 
a vessel, but it appears to increase with the weight of the shot. The destruc- 
tive effects of the larger calibres, the 8 -inch, must exceed those of less size. 

2nd. Results of practice with live shells against the ‘Prince George,’ from H.M.S, 
‘ Excellent,’ moored at 1200 yards, in November, 1888 : 


Calibre. 

Weight. 

Length 

Charge. 

Elevation. 

Penetration. 

68-pr. 

65 cwt. 

9 feet 

8 lbs. 

QlO 

= 35 mean. 

99 

99 

99 

10 R>s. 

2 i 

= 31 nearly. 

99 

99 

99 

12 as. 

2 | 

= 28 one round only. 

32-pr. 

40 cwt. 

7:6" 

6 as. 

25 

= 21J mean. 

99 

41 ,, 

8 feet 

6 as. 

2 f 

= 28 


Of 16 rounds from the 68-pr., 9 exploded in the vessel. 
Of 14 ,, 32"pr., 5 j? ji 


Oases selected. 68-pr., or 8 -inch gun. 

Round 2 penetrated 18 inches in good wood through the ship’s side, close to the 
after part ; exploded instantly : the pieces of the sheR tore down the cabin bulk- 
heads, which made an immense number of splinters ; a x>iece of the shell cut in two 
an iron saddle 3 inches in diameter. 

Round 4 penetrated through the ship’s side at the orlop deck, in good wood, 28 
inches ; cut off the foot of a strong rider 24 inches in thickness, completely shatter- 
ing the i*emaining part of the ridei’, and drew out three large copper bolts from the 
ship’s side ; exploded and cut through a plank in the deck, made several large 
splinters, thrown to a distance of 20 to 30 feet, and pieces of the shell were foxmd 
in several parts of the orlop. 

Round 7 tore out the whole of the lower port-sill from aft, 24 inches thick, and 
all sound wood ; crossed the deck and struck off the lower part of a solid oak knee, 
16 inches thick, and shattered the remaining part of the knee 7 feet in length, re- 
bounded from thence on the deck, tore up two planks, exploded and tore up all the 
cabin bulk-heads left standing after round 2. 

Round 9 penetrated through the ship’s side into the orlop deck, in fair wood, 2S 
inches; exploded, cut a strong oak knee, 15 inches thick, into two parts, struck and 
shattered a strong knee adjoining, sending seven large splinters, torn off the knees, 
on the opposite side Of the deck. Fuze and pieces of shell scattered in various di- 
rections in the orlop. 



Bound 12.— 32-pr. of 6^ 6", 32 cwt. 5 IDs. charge, penetrated the sMp*s side 
below the water 13 incbes, in good wood, and lodged behind a rider : the shell did 
not explode, but made an opening in the side, into which the water rnshed with 
force, and in such a position that the carpenters present said it wonid have been 
impossible to have plugged or stopped tiie leak. 

Bound 13.— 32-pr. of T 6", 40 cwt., 6 IDs. charge, penetrated at s. port timber, in 
good wood, 2 feet thick ; exploded instantly, blew out a large piece of the port 
timber, making several splinters : the aperture made with this shell w'as very great. 

Previous to the practice from H.M.S. ‘Excellent,’ hi 1824, experiments were 
made at Brest with Paixhan’s guns against an 80-gnn ship, the ‘ Pachkatenr : ’ the 
results in both cases were similar ; and the Committee of French Officers gave tlieir 
opinion, officially, that no vessel whatever could hold out against a battery so armed 
at a distance of 300 to 500 toises. Phey also remarked that the risk of fire in a ship 
equipped for service would he very great, owing to the large <qnautity of cordage, &c,, 
and the removals of ammunition in action. 

In 1845 a series of experiments was made at Portsmouth from H.M.S. ^ Excellent,’ 
against the ‘Swiffesure,’ at the distance of 1443 yards, with results favourable to 
their application. In several instances the shells exploded on striking the side of the 
vessel, making breaches which, on or below the water-line, could not have been 
securely stopped at sea. Of those shells two struck witMn a few feet of each other, 
making a breach of upwards of 11 feet in length, and varying in breadth from ‘2| to 
4, independently of greatly damaging and splintering the timbers. 

The extreme range of shot fired e?i rkoGliet, full charge, wdth 1-J® to 2® elevation 
on smooth water, is nearly eq^ual to that obtained from the same gun fired at 5® 
elevation. 

JBfecis of Bed-hoi Shot 

The use of shells will supersede in a great measure that of red-hot shot,-— still the 
latter may he occasionally of great service. The fuze for the shell is sufficient for a 
range of 2400 yards, hut the red-hot shot will have effect at the extreme length of 
its range. After striking water several times, the shot would still set the W'ood on 
fire. A temperature of SCO® (barely dull-red heat) will suffice to infiame wood. 

On the expedition against l^ew Orleans, 1814-15, an American schooner ivas set on 
fire by a battery of field-guns (6-prs. or 9-prs.) after a few rounds, and blew up. 

The actual effect of red-hot shot on the fioatiug batteries at the siege of Gibraliar 
is not sufficiently satisfactory ; and it is alleged that their danger would not have been 
great, had B’Aryon been allowed time to complete them according to his origiual plan.* 
It is stated in documents procured at Madrid by the present Earl of Cathcart, 
during the Peninsular War, that the floating batteries w^ere set on fire by the Spaniards 
themselves, to prevent their falling into our hands ; and that hut one instance 
occurred in which the red-hot shot had taken fuE effect, t 

Effects of Shot on Cast Iron. 

This material cannot he used' when exposed to shot or shells without great danger 
to the defender, and from its own qualities is hut ill adapted to works of defence. 

1st. Shot, fired with a velocity of 140 metres per second, split into many pieces, 
and scatter splinters with some force. 

2nd. Amass of cast iron, 1 metre square and *30 metres thick, was split by shot 
fired with small velocity. 

3rd. A platform (chassis d’affht de c6te), of greater dimensions and weight than usual, 


See D‘Ar<jon’s explanation of tbo cause of the failuro. 
t The new liquid-fire shells are far more effective than hot shot. — Ed* 
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Wits TbrokeE in several places by a single sbot of 8 lbs, ■with, a velocity of 150 
metres per second. 

Effects of Shot on Lead,. 

In penetrating a mass of lead witli a velocity of 225 metres, sliot break, but make 
no external splinters. Tbe opening made is sufficiently large to allow an easy witk- 
drawal of the shot. 

Penetration in a snow famioet 20 feet tld^^ slightly rammed, and with so7m frag* 
inents of ice, on the St. Lawrence, of'posite Monti^eal, in Eetormry, 1840. 
Sermce Gharges. 


Nature of Shot. 

Range. 

Greatest 

penetration. 

Remarks. 

9-pr. 

6-pr. : 

Musket-ball i 

' 

yards. 

600 

600 

50 

■ 75, ■■ 1 

100 

ft. in. 

8 0 

4 6 

3 0 

2 7 

2 4 

A 9-pr. shot striking against 
a fragment of ice was broken 
into four pieces. 


Effects of Musketry. 

1, The French musket-ball, from a distance of 22 metres, penetrates a gabion 
filled with sap fascines *60 metre, and that of the fusil de rempaH, *60. A rolling 
gabion filled with fascines is proof against the fusil de 7*eni^art at 15 metres. 

2. The penetration of musket-balls into woolsacks is double that into settled ground. 
S. Musket-proof shutters, — 

Of deal, 3 inches thick, covered on one side with rolled iron ^ inch, are proof 
against a cavalry carbine at 10 to 14 yards ; but with donhle cartridge the ball 
passed through. 

With iron of I inch on both sides, the shutter was proof against a double charge . 
In trials with the ordinary firelock, rifle, and carbine, the latter, with double 
charge, gave the greatest penetration. 

4, In battle, it has been calculated that five rounds per 1000 take effect ,* and of 
artillery, 10 in 100 rounds. 

Penetrathn of Leaden Balls — Experiments made atWest Point (JS^iited States)inlZ%7* 
Penetration in seasoned White Oah, 


Arm. 

Charge. 

Distances in Yards. 

Remarks. 

34 

9 

60 

100 

160 

200 

300 


grains. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 


{ 

134 

2-00 

1*60 

1*43 

1* 

0*66 

0*55 

0* 

* 1 ball in 10 imbedded. 

Musket < 

125 

1*60 


... 

... 


... 

... 


^ ( 

90 

1*60 

... 

... 



... 

... 


Common rifie 

92 

2*10 

1*80 

1*43 

0*94 0*65 

0*29 

Of 

f Indentation 0 *2 inch. 

Hall’s rifle 

70 

1*12 

1*70 

0*63 

0*53, 0*40 

004: 


1 2 halls in 10 imbedded 


The musket, fired at 9 yards’ distance, with a charge of 134 grains, 1 ball, and 
3 buck-shot, gave for the ball a penetration of 1*15 ; buck-shot, 0*41 inch. 


ADDITIONAL REMARkS.§ 

Breaching. Under the article * Breach,’ the Metz experiments have been already 
referred to ; but as they are the most complete experiments directed to that object 



§ By Major-General Portlock, R,E., F.R.S. 
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oa record, it seems desirable tliat tlie result slioiild be stated In sucb detail as *^’111 
permit of tbeir application as a datum of comparisou for the operation of breackiBg 
generally. 

The mode of breaching which the Metz Committee deduce from the experiments 
ought to be known and considered in a comparison with any other i esults. 

In practice before an Enemy, the difacuMes of following out closely definite prin- 
.ciples may be great ; but the object ought at least to be to approximate to them. 

1. The breadth of the ditch and coYert-way, the height of the counterscarp and 
crest of the covert-way, the height of the scarp, and thickness of the parapet, should 

be carefully ascertained. ^ i • i.z i? t. 

From these data, reduced to a profile, it will be easy to determine the height of the 

horizontal section of the intended breach, in such a manner that the debris of the 
scarp wall may he siifificient to form a ramp of 1 to 2 slope. The height ought not 
to be less than a third of the scarp, that the debris may not be in the way, and at 
least equal to the thickness of the revetment at the line of section. 

2. The elevation or depression of the gun, and the directions of each at the first 

series of discharges, should be so marked as to insure the shot striking the same 
points at each corresponding series. Beginning from the left and proceeding to the 
right, or mee each successive shot should stiike the wall with lo-prs. at 1 

metre, and with 24 -prs. at 1®’25 or 1»'50 from the preceding one, through the 
whole line of section ; and on the return from the right to the left, the shots should 
bisect the intervals between those of the preceding series. 

It is essential that the section should progress equally throughout its whole length, 
and he continued only until the appearance of earth indicates that the revetment has 
been out through, as the running out of much earth would cause the falling masonry 
to encumber the surface. 

3. The vertical sections should be in number one for each gun, the distance 
between them never exceeding 10 metres, and, if possible, being less, so that the 
masonry may not be supported by more than one, or, at the most, two counterfoi'is. 
The vertical section should begin by shots at short distances of O'" '3, until the wall 
is well cut through at the base, and tlien the distances should be 1"', proceeding first 
from the base upwards. Great care is necessary to keep the progressive advance of 
all the sections equal, as the oblique fall of part of the masonry from an inequality of 
support would seriously encumber the breach. 

4. The wah having fallen, and the visible portions of the counterscarp having been 
destroyed, it is desirable to change two of the guns for 8 -inch howitzers, to complete 
the destruction of the parapet hy shells. 


2 howitz. 
& 2 guns 


36 shot 
40shellsi 




Time. 




Opening 

Eevetment. 

Destroying 

Counterforts 

Destroying 

Parapet. 

.2*^ ® 

Total. 

' 'Bemabus, ■ ■ 

h. m. s. 

h. m, s. 

h. m. s. 

b. m. s. 

h, m, s. 


5 37 6 


... 



Distance from muzzle of gun to scarp 

3 ' 

0 Ho 0 

10 0 

... 


"21 ’40 metres; excavation 22 ’75 metres' 
wide, 4 metres high, 2*2 metres thick 
at base, and 1*42 metre at cordon. 




2 0 0 

9 27 3 
or 94 
hours. 

Total excavation 164*91 metres. The 
average rate of firing was 5'' per^shot. 
The shells were partly fired experimen- 
tally, to ascertain the proiier charges. 
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' The work of the gnns -was I”’ cube in 2' 3". After the firing of round shot had 
ceased, the breach, though still steep at the crest, was ascended by 30 gunners in line 
at a trot. ' 

The shells perfected the breach, — those fired from the guns produced little effect, 
as they broke against the sand when fired with a charge sufficient to insure penetration. 

The chai’ges of to the shells from the howitzers penetrated 1“, and being 
loaded with 2^, produced by explosion entonnoirs which rapidly brought down the 
parapet. 

To insure success, the fuzes must be filled with composition, and sunk well into the 
eye of the shell. 


^nd,—Time with ^i-pounders and %-inck howitzers. 


si 

11 

Shot or 

SheUs. 

Time. 

Remarks. 


Opening 

Revetment. 

iso’s 
.5«2 ■ 

S 'S ' 

MS 

« 5 
RQ 

bo 

li 

II 

'So 2 

1 1 

Total. 



h. m. s. 

h. m. s. 

h. m. s. 

h. m. s. 

h. m. s. 



4 guns 

195 shot 

4 3 45 


... 



Distance from muzzle of gun to scarp 



38 shot 

... 

0 50 0 




31*9 metres. Excavation 21*66 metres 


2 8-in. ) 




1 A A 



wide, 4 metres high, 1*81 metre mean 


howitz. ) 

lo siieiis 

... 

••• 

1 U U 



thickness. Total excavation 156*81 m. 


... 

t * « 


*• * 

... 

2 0 0 


* These were shells from the howitzers 








7 53 45 

alone. The shells from the 24-prs. wen 








or 8 

ineffective, as they could not be fired with 








hours. 

a charge sufficient to insure penetration. 



The work of the guns was lia cube in 1' 33". As with the 16-prs., the breach, 
though steep at its crest, was practicable at the close of gun-firing. The number 
of shots fired, and the times of effecting the breach, being nearly in an inverse pro- 
portion to the weight of the shot, viz., 22 to 16, the total weight of metal and powder 
fired will be nearly the same; and, in consequence, the advantages of the 24-prs. 
over the 16-prs. will be that of diminished time with an increased distance, — the 
16-prs. having been 21'’^*40, and the 24-prs. 31“ '9 from the scarp. 

These experiments, affording an accurate estimate of the possible working power 
of guns and howitzers when used under proper conditions, the more those conditions 
are departed from, whether from deficient skill or unfavourable circumstances, the 
less will be the effect produced, and the greater the time occupied. 

The elements of efficiency are, the force of penetration of the projectile wdien it 
ax-rives at the wall, and the accuracy with which it is directed to a particular point 
or line. 

The first of these will in round shot diminish with the distance of the battery (as 
the charge continues the same), but in shells discharged from howitzers it may be 
preserved undiminished by augmenting the charge, originally reduced to keep the 
shells from breaking against the parapet. 

The amount of diminution from increased distance may be estimated either from 
the Table of Terminal Velocities, calculated by Colonel Mobert, or by direct reference 
to the Tables of Penetration given in this article. 

Referring to that of penetration in masonry, 
at 25 metres a 24-pr. shot, with a charge of 4, penetrates 0*650 metre, 

300 „ „ „ „ 0*530 



0-120 
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therefore ■ in 275 metres, or 300' yards neai'ly, tlie penetration has dlminlslied 
nearly -ph. 

Phe penetration mil therefore at the distances of 27 and D‘2S yards he respectively 
as 5 to 4 ; and as the diameter of the base of the conical portion oi tlie ex'*avati..n 
made by the shot varies also with the penetration, the actual eiTeet ni tlie iir:D:^% in 
mahing either the horizontal or vertical sections at tliose distances, will be as d* \o -1-, 
or 25 to 16 hence the time of effecting the iirst portion of the breach will bo aug- 
mented more than one-half by the increase of distance alone. 

With the French 16-prs,, dred with a charge of 4, the results will be as follow : 
at 25 metres, or 27 yards, the penetration is • . • • 0’570 


therefore in 275 metres, or 300 yards, the penetration has diminished 0-125 
or between and J ; and the actual eiiects on maldng the seetioiis will be between' 
the proportions 25 to 16, or 16 to 9 ; and the time will be increased between I and | 
by increased distance. 

The second element, or the comparative accuracy of firing tit diimreat distances, 
requires yet to be based on experiments. 

In the ‘Aide-Memoire d’ArtUierie,’ 1814, page 412, ii is stated^ — ‘‘The number 
of shots striking a target 1 metre square at 000 metres, ur 054 yitrds, is in 100 — fur 
24-prs, 7 ; for 16-prs. 6 ; for 12-prs. 5 ; for S-iuch howitzers 4 ; ibr O-Inch howitzers 
5 from which it is evident how greatly the efficiency of breach firing must bo 
diminished hy increased distance, the shots striking over a large surlace, and break- 
ing up the wall into small fragments, rather than bringing it down in masses. 

It was doubtless this system of pounding the wall which rendered the earlier 
formation of breaches so tedious ; and the more irregular the firing, the nearer w-ill 
the modem approach to the ancient practice in character* 

At 300 metres, or 327 yards, if one-half of the shot, or 50 per cent., and oiie-third 
of the shells, be supposed effective (and these are probably very liigli propurtiuus), 
the following would be the possible time of eflecting breaches, under the must favour- 
able circumstances. 

With French 24-p?-s. — One gxm f£>5*41 ?nc/m or 5'9 y<mh rmx'nrtiu of 


With French'\^ X^-prs,—One gmi to5'69 mctre.'i or 6'20 yarih ninniny of scar ^ 


* If the fall of the masonry depended exactly on tbo total efFoct of the shot in all dlreciion.^, the 
ratio would be as the cubes of the penetrations. It has hceii shown that with ^nns of dUFereut 
alibres the times are nearly inversely as the weights of the shot, or with 10 and 24-prs, r.s 22 to 
If). Those numbers, if examined, will be found more nearly proj>ortionatc to the s.iuures than 
to the cubes of the penetrations; and in like manner with guns of equal calibre, hut at tlitfc- 
rent distances, the times will vary in a proportion nearly corresponding to the squares of the 
penetrations. 

t The French 16-pr. shot being equivalent to a shot of 17S lbs. English, all the results of that 
description of gun may be applied to the English 18-prs. 


Opening 

revetment at Increase for 
short diminished 

dishwices. penetration,. 

Jncrcitso for 
diminishod 
accuracy of 
fire. 

1 

Changing 
i gut.ia fur 1 
howitzers. 

Peatroying 
pampi't at 

1 sUox-t 1 

1 distances, i 

Inejva-'^u for 
dnninisheil ' 
lU'UUraey of 1 

fire. , ! 

Total. 

4'‘53'45" S'- 26' 52, J" 

7'‘20' 374" 

1 25‘ 0' 0" 

1 l^-O'O" 

t 

O' 0" 



Opening 

revetment at Increase for 
short diminished 

distances penetration. 

Increase for 
diminished 
accunvey of 
. -'fire.. 

Changing 
guns for 
howitzers. 

Destroying ' 
jiarapetut ' 
short 
distances. 

Increase fur 
diuiiui.dnd , 
acciirauy of * 
1 lire. 

Total, 

6'*27'5" S'* 13' 324" 

O’* 40' 374" 

2^ O' 0 " 

l^O'C" i 

j 


24*'41'15” 



penetbation oe pbo^tectiles, lOf 

Before an enemy, tHe difficulties and casualties attendant -upon tbe opposing fire 
will greatly augment these periods, often to two or three times the amotmt- 

These mimhers may, however, when there is convenient space and an ahimdant 
armament, he diminished by the nse of more guns, as appears to have heen the case, 
at Ciudad Bodrigo, where the proportion was one gnn to 5 feet of scarp, instead ofi 
one to 18 1, as at Metz ; and this will account for the comparative rapidity of forming 
the breach in that siege at an increased distance, independently of the inferiority of 
the masonry. 

If these principles he applied to still further increased distances and to diminished 
charges, as in BicQchet Firing, if will he evident that the destruction of masonry 
traverses must he tedious, the force of penetration being dinnnished to about a third, 
and the inaccuracy of firing augmented in a large proportion. 

Earthen traverses will he best destroyed by shells from howitzers ; hut, althougl^ 
the force of penetration will not vary so much with this arin, the uncertainty of fire 
will he augmented in a still greater ratio. 

lyhese considerations may suggest some iiseful remarks both as regards Bicochet 
Firing, and the construction and arrangement of Traverses, hut they can he hesf 
noticed under their respective heads. 


SMALL ABMS NOW IN USE, 

Tlie following ane some of the results of mmierous exjperunents carried/ oyi in 1S5S 
with the Enfield Rifle und the usual bullet and charge. 



Greatest 


Greatest 


penetration in 


penetration in 

Materials fired at. 

inches at 

Materials fired at. 

iiiclies ixt 


200 yds. 

20 yds. 


20u yds. 

20 yds. 

Light sandy earth, lighfly 
rammed . . . 

Elm hoards, laid close to- 

n 

17‘ 

n 

19* 

Fascines, just made, of J 
greenwood. . 

all thro ugh aud 
into earth 

6" 1 8'' 

gether 

4- 

4! 

Sap roller, usual size, 
(through first side only) 



Elm, solid, with the grain 

— 

6^25 


9'? 

Oak, solid, across ,, 

2-5 

2*7o 

Rope mantlet, 17 lbs. to 



,, ,, with ,, 

— 

3-0 

square foot 

proof 


,, planks, across ,, 

4* 

4* 

Steel plate mantlet, 9 its. 



Ash planks, together . . 

3- 

3* 

per foot, J" thick . . 

Steel plate mantlet 

proof 

1 

— 

,, solid, wVA the grain . 
Beech planks, across 
,, solid, 'icif/t the grain 

— 

4* 

proofat 

3’25 

— 

thick , 


50 yds. 

— 

4- 

Iron boiler plate, 

) not 

Pine hoards, together . 

11 -5 

14-5 

per foot, J" thick . . i 

( proof 


,, solid, the grain 

— 

14* 

Homogeneous plates i 


Sand-bags, filled with light 



(Shortridge ^ Co,), Ao 



earth and built up 

10 

11 

7x1 lbs. per foot . 

proof 

proof 

OahionSjViz. brushwood, 1 


- 

Homogeneous plates, Bjj, 



Tyler’s, Jones’s, and> 
the Sebastopol . .J 

none passea 
through. 

f/, SJfts. . . 

proof 

proof 





The Lancaster carbine gave slightly less penetration than the Enfield, and with both 
arms steel-pointed bullets gave an inci'eased effect. 


AKMSTEOKG AND OTHIE GTJNS. 

In the attack and defence of works close to the sea, guns of larger calibre, as the 
56- and 68-pr., may be used, and then, as at Sebastopol, it is found that the ordinary 
■ thickness of earthen parapet (18 feet) is not sufficiently proof 




Plate I. 


108 PETARD. 

Ko complete tables Have yet been given of tbe penetration oTitainecl by tlio nse of 
Armstrong guns, but it is undoubtedly far beyond that of tbe ordinary sni oath -bore 
ordnance. Prom one set of trials lately carried on with the 40- and £d-pr. guns, 
and the 7-incH Howitzer, carrying a lOOlb sHell, it appears that, firing at a aL<tancG of 
over 1000 yards, at very solid compact brickwork, with charges respectively of 5, 10, 
and Qlbs,, the penetration of the 40-pr. and 7-incH was about 4 fvet to 4^ 0^', and of 
the 82-pr, above K* 6". A breach 20 feet wide -was obiained by expending less than 
SOOOIbs. of iron and 5201bs, of powder ; while with the old 24-pr. guns of 50 ewt. the 
same result would have required above 42,000ibs. of iron and 14,00y!bs, of powder, 
for a range of only 500 yards. The distance also at which the breaeliing battery was 
placed, would prevent the enemy’s riflemen ftum stopping the besieger.-a’ fire, up to 
the time of actually taking the work. — C. E. B. 

PETAUD.*'*' — The petard, which formerly was part of the equipment of an army 
in the held, for the purpose of bursting open gates, has of late y'ears been In disuse, 
and bags or cases of powder have been substituted for it. 

The petard was of brass, and cast in a bell shape. It 'was fastened to a b»,‘d of elm 
plank, 3| inches thick, having on the reverse, or under side, a wrouglit-irou plate, 
one-quarter of an inch in thickness. In the breech there w*as an aperture for the 
fuze, which was connected to the petord by means of a bnms holder. 

Four men were employed to carry the petard, and rings were placed at the angles 
of the bed for this purpose. A fifth ring was fastened to the upper side of the bed, 
as a means of connecting it to the gate intended to be destroyed, into wdiich a hook 
was screwed to support it. The bed of the petard was still more iirinly secured to 
the gate by means of screws from 6 to 8 inches long. 

Two legs, or struts, were attached to the petard bed ; they were between 4 and 5 
feet long, and 4 inches in diameter at the bottom, or thicker end. » 

■ ’Cwt, qrs, tbs. 

The weight of the petard, with its fuze and bed, w'as . , 2 2 12 

„ legs . . . . . ..01 16 

„ screw-hooks . • . . ..005 

Total weight . . ^ 0 0 ^ 5 

The objection to the petard was, that on being fired with the Ml Servieo elinrge of 
11 lbs. of powder, it was liable to burst, and the men of tiie party using it were 
exposed to injury from the splinters, f Bags of powder are not open to the same 


* By Colonel (now Diout. -General) Sir Froderiek Smitb, K.H., B. E., F.B.S, 

f General Sir Charles Parley, K.C.B. (then Colonel Piisley), in testing the relative cflscieney 
(in the year 18:25) of the petard and the powder-bag, had recour«e to the ibllowing 
experiments: 

Two pairs of palisade gates were formed, to one of which a bag containing 50 lbs. of gun- 
powder was attached, and to the other the petard loaded with the usual Service charge of 
11 lbs. of gunpowder. . 

The bog was fastened by a hook to the centre of the gate. The explosion fully succeeded in 
blowing open the gates ; that half to which the bag was suspended was thrown completely 
back: the effect upon the other half would have been similar, had not the bottom of the gate 
struck a^nat the ground, which stopped it; but the gates were thrown entirely open, and 
the result was all that could have been desired. 

The petard was suspended by a bolt from the top of the gates, so as to bring the centre of 
the petard opposite to that part where the iron swing bar was fastened, and the two legs -were 
placed BO as to ease the weight from the bolt. The fuze was lighted, and the charge expkalud, 
biusting the petard into several pieces, while the effect was only that of breaking a hole 
through the gates of about4 feet wide, for they were not even thrown open, and that half of 
the gate which was bolted at the bottom was not forced from its fastenings. 

Parts of the petard bed wore thrown to a considerable distance. One piece of the petard. 


Experiment 

No.L 


Experiment 
No, 2. 
Plate II. 


ol 3 jection, and they have the advantage of being more easily procured, and much more 
portable. 

Bags of powder may be successfully used either to blow open gates or to form 
breaches in stockades, or even in thin enclosure walls ; and the efficacy of this means 
of overcoming such defences will he best understood from the records of some experi- 
ments conducted at the Eoyal Engineer Establishment at Chatham, with a view to 
ascertain the requisite charges, and the best mode of applying them nnder various 
circumstances. 

Meport of an Sxpenmeni in hhwing open a pair of palisade gates with a hag of powder. 

The gates used for this experiment were of oak (each gate being 8 feet high by 5 
feet wide). They were of triangular scantling out of 4-mch oak, cut diagonally in 
halves. Two posts, of about 10 inches in diameter and 15 feet long, were planted 3 
feet deep in the ground, and the gates were connected with them by means of three 
pieces of stout scantling, placed across at the top, bottom, and centre, and spiked 
securely to the posts, as well as to the palisades of the gates. A strong strut was 
also fixed against each post, and another against the bar, which extended across the 
centre of the gates. 

The charge used on this occasion was 50 fbs. of powder. It was contained in a 
bushel sand-bag, tarred and sanded over ; a loop of half-inch rope was attached, for 
suspending the bag. On one side of the bag, near tbe bottom, a small collar of stout 
canvas was sewn, so as to stand out about 6 inches, as a precaution against the fire 
communicating to the charge before the fuze should he burnt out. A piece of Bick- 
ford’s fuze 2 feet in length was used in firing the charge, one end being pushed 
through the collar into a hole made in the sand-hag. 

By the explosion both gates were blown open and destroyed, and the posts were 
knocked down. Some of the pieces of the gates were thrown upwards of 150 yards 
to the rear, and several huts in the immediate neighbourhood were partly unroofed.* 

Report of an Experiment in breaching stoclcades with hags of gunpowder. 

On the 16tli April, 1840, a preliminary trial was made of a hag containing 60 lbs. 
of powder, laid on the ground, close against two beams of African oak (old ship- 
timber, obtained from Her Majesty’s Dockyard), the scantlings of which were 13 
inches by 11 inches, and 11 inches by 8 inches. The beams were sunk 3 feet in the 
ground, and were 3-| inches apart. A piece of Bickford’s fuze 4 feet long was attached 
to the hag. The explosion blew both timbers out of the ground, shattering one and 
splitting the other. 

On the 21st April, 1840, a strong stockade, 21 feet in length, comp)osed chiefiy of 
English and African oak, obtained from the Dockyard, was erected witMn a few* feet 
of high-water mark, on the glacis in front of the left bastion of the works at St. 
Mary’s Greek. 

A trench 21 feet long, 2 feet wide, and 3 feet deep, having been made, the timbers 
were planted in it at intervals, and the soil, a stiff clay, was well rammed about them. 

Five bags covered with water-proof composition, and each containing 60 lbs. of gun- 
powder, were prepared, and two of them had a Bickford’s fuze 3 feet long attached. 


weigliing 11^ t>s., was thrown a distance of 60 yards, and a part of the bed was blown to the 
distance of 126 yards ,* several smaller pieces were also found within that radius. The two legs 
were thrown 20 feet to the right and left of the gates, and a great part of the iron plate from 
the bottom of the bed was projected several yards. 

The thickness of metal of the petard was found to be 11 inch at the breech, and 1 inch next 
to the bed. 

* This and the following experiments were tried when the Eoyal Engineer Establishment 
was under the direction of General Sir Charles Pasley, K.C.B. 



On tlie 25tli April, 1840, an Officer carrying a slow-mateh, with five men carrying 
the powder-hags, advanced to the stockade. No. 3 first deposited his hag on the 
■ground dose against the middle of the stockade. Nos. 2 and 4 placed theirs on the 
right and left of No. 3, the ends of the hags touching. The hags Nos. 1 and 5, with 
fuzes attached, were immediately placed over the centre of and upon the first three 
hat's All the carriers excepting one, who remained to bring the ends of the fuzes 
lovether, retired. The Officer immediately lighted the fuzes. The explosiou threw 
up an immense volume of smoke, with numerous fragments of timbers, some of which 
went neariy across St. Mary’s Greek, a distance of 123 yards. As soon as the smoke 
dispersed, a most perfect breach, 12 feet wide, became perceptible. The stoutest 
timbers were shattered to pieces, and a crater was formed the whole length of the 
Weaeh, 9 feet wide and 3 feet deep. 

The stoc'kades adverted to in the following experiments were erected between the 
years 1842* and 1850, on the practice ground of the Eoyal Engineer Establishment, on 
the left of Chatham Lines ; and the timbers, sometimes of oak, and sometimes of fir, 
were generally 12 feet long, and ahoiit 12 inches square in their cross seclion* They 
were placed in close contact in a trench 3 feet deep, and w'crc coimeeted together 
hy oneor mofe ribands firmly spiked to them. After being planted in the giound, the 
earth that had been excavated in forming the trench tvas carefully rammed ruiiiid the 
timbers, so as to give the constraction every possible degree of firmncKs and solidity. 

The charge in each case was placed in contact with the timbers of the stockade, 
and contained in tarred ^nd-bags; and, when not stated to the contrary, it was fired 
by means of Bickford’s fuze. 

A stockade of about 24 feet in length was constructed, for the pur^iose of being 
breached by means of gunpowder, on the 25th October, 1842. 

It was composed of Baltic fir, procured from Her Majesty’s Dockyard. 

The timbers were connected by a riband of English oak, 6 inches st|Uare, to wkich 
they were firmly spiked at the bottom of the trench. 

The charge of gunpowder used to form the breach was 240 lbs., contained in four 
tarred sand-bags. The hags -were placed in two tiers ; three on the lower, and one on 
the upper tier. A piece of i-ineh hose, filled witli gunpowder, and 4 feet in length, 
was fastened to the middle bag of tbo lower tier for a train, and a piece of poryire 
2 inches long was attached to it i a perfect breacb, about 12 feet wide, was the result 
of the explosion. 

This stockade was 22 feet long, and composed of Baltic fir. The timbers were 
connected together hy a riband 6 inches by 4 inches, placed at the bottom of the 
trench. 

The charge consisted of only 60 lbs. of powder, contained in a tarred sand-bag, 

having 2 feet of Bickford’s fuze attached to it. 

The powder-bag was placed on the ground, and a bushel bag filled with sand w’as 
laid on the top, and one at each end, as tamping : the explosion formed a practicable 

breach of about 6 feet in width. 

In the month of December, 1SI5, a stockade was constructed about 30 feet in 
length, and the upright timbers connected together hy three ribands ; one on the 
’ inside near the top, and two near the bottom, of which latter, one was on either side 
of the uprights ; the earth was rammed on both sides of the uprights to the level of 
the ground. 
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* When Sir P. Smith had succeeded Sir Cha«. Paslcy at Chatham as Director. 
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Ror tlie piirpOse of ascertaining tHe minimum Charge for destroying a stockade of 
the strength above described, the following experinients were tried on the 15th and 
21st January, 1816. 

An attempt to breach was made by firing a cbarge of 30 fbs. of powder, 
contained in a bag, and suspended to the stockade opposite to the upper riband, 
and 3 feet from the north end. The effect was merely to dislodge a few of the 
timbers from their upright position, 

A second charge of 30R>s, of powder was next slung On a nail, at a height of 
3 feet frorn the ground, and 6 feet from the north end. On the explosion of this 
charge, it was found that One timber only was broken through, and a few others 
slightly shaken . 

A similar charge was placed at the distance, of 3 feet from the southerii extremity 
of the stockade, on the ground, and touching the timbers. A crater 2 feet in lengthy 
12 inches in depth, and 15 inches wide, was formed by this explosion, and seven 
timbers were started, one being broken short off close to the ground. 

A fourth charge of 30 lbs. of powder, also contained in a hag, was laid on tne 
ground at 6 feet from the southern end of the stockade. Two bushel hags of earth 
were laid upon the bag of powder, and two were placed in front of and in contact 
with it. On firing the charge, it formed a narrdw breach in the stockade by driving 
two of the piles out of the ground, and breaking another asunder j besides dislodging 
several of the timbers adjoining. 

A charge of 70 lbs. of powder, and another of 50 lbs., were placed on the ground 
with an interval of 5 feet between them, and both touching the stockade hear the 
middle of its length. Four bushel sand-bags, filled with earth, were applied, as in 
the preceding experiments, upon and against each charge. 

In this instance a spacious breach was made, and some of the piles were thrown 
upwards of 50 yards from the stockade ; and from these expenments it may be con- 
cluded, that from 60 to 70 1)8. of powder, properly loaded with bags of earth, will 
be a sufficient charge for producing a practicable breach in a stockade of this 
strength. The extent of breach rei^uired will of course regulate the number of 
charges to be used. 

6th September, 1846. — Major Marlow, Commanding Eoyal Engineer in iSTe^ 
Zealand, having sent to England cba wings and a description of one of the * Pahs ’ 
constructed in that country by the Chief, Held, a part of a stockaded wmrk, nearly 
on that plan, was erected in August, 1846, on the left of Chatham Lines, with a view 
of ascertaining by experiments the best mode of breaching it by bags of powder.* 

Tbe external fence consisted of a frame-work of double posts, 6 inches by 10 inches, 
firmly spiked together ; placed at intervals of 5 feet 3 inches, and connected by two 
ribands above ground, 12 inches wide and 4 inches thick, and by one riband under 
ground, of tbe same dimensions. To the two upper ribands, fascines were fixed, 
extending to within 2 feet of the ground, to represent the green flax used in the jaamc 
positionin ■Heki’sPah.’f 

The second enclosure consisted of oak timbers, also 10 inches square, placed close 
together, and connected by an underground riband 12 inches wide and 4 inches thick. 

The upright timbers in both enclosures were 9 feet above ground, and 3 feet in the 
ground. 

An interior enclosure, or keep, 10 feet 9 inches distant from the last described, was 

^ The deviations are improvements on the j’ude construction of the New Zealanders. 

t See article ‘Pah,’ voL ii. 
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formed of oak timbers, fixed 2 feet 6 inches in the grotmd, and 9 feet 6 inches ont 
of it. The timbers were 12 inches square, and also placed in close contact ; they 
were united hy one riband above ground, and one under ground, each 12 inches wide 
and 4 inches thick. The communication to the interior of the keep, from the middle 
enclosure, was formed hy means of an underground gallery, 4 feet 6 inches by 3 feet, 
driven within and parallel to the stockade of the keep, at the distance of about 
3 feet 3 inches, as a place of security for the garrison from the fire of the enem/s 
artillery. The interior and the centre enclosures were loopholed. 

The earth was well rammed round the timbers. 

On the 4th of October, 1846, the pah was attempted to be breached by the 
following process : a tarred sand-bag, containing 100 tbs. of gunpowder, was passed 
underneath the fascines of the outer enclosure, and lodged in the position marked a, in 
contact with the stockade gh of the centre enclosure, and two bushel bags filled with 
earth were placed upon it as shown in drawing (f). 

At the distance of 3 feet 6 inches from this charge, another of 100 t>s. (b) was 
also placed on the ground, and in contact with the same stockade, but on this charge 
no sand-bags were placed. The tw'o charges were fired simultaneously, and a prac- 
ticable breach, of about 8 feet in width, wms formed in the outer and centre 
enclosures, the d6bris of the one being thrown outwards, and of the other inwards. 
The inner stockade was not injured: another bag, contaiuing IfiOlbs. of pow-'der, 
was afterwards placed in contact with it, in the position marked c, but it was not 
weighted with bags of earth. On being fired, a breach was formed of about 6 feet in 
width, 

1st December, 1846. — It being considered necessary to have further experience in 
breaching double stockades, another portion of a stronghold similar to ‘ Heki’s Pah ^ 
was constmcted. 

A charge of 120 lbs. of powder, contained in two tarred sand-bags, was lodged 
against the centre line of timbers. Pour bushel bags were filled with common earth, 
and two of them were placed on the top of the charge, and one at each end. 

The result of the explosion was the destruction of about 10 feet of the centre and 
outer stockade, and pieces of both w^ere thrown upwards of 200 feet from the line in 
which they had been placed : the timbers of the inner enclosure or keep were merely 
disturbed from their upright position, but they were not thrown down or broken. 

8th June, 1847. — A double stockade was erected for the purpose of training the 
Embodied Pensioners (then about to proceed to New Zealand) in the mode of cap* 
turing such works, and also to obtain further information on the subject. 

This stockade Avas composed of oak timbers, 13 feet long, and averaging 13 inches 
in thickness and breadth, placed in trenches 4 feet deep, so that 9 feet were above 
ground. 

There was an interval of 4 feet 4 inches between the two lines of stockade. 

The timbers of each line were united by two ribands, 12 inches wide and 4 inches 
thick, of pitch pine plank. The upper riband was placed at the distance of 7 feet 
from the ground, and the lower one with its upper edge flush with the surface. 

The two lines of timber were joined together at their extremities by two cross 
ribands of the same width and thickness as the longitudinal ribands, to give that 
degree of general stiffness which would he found in a complete stockade enclosure. 

A charge of 200 tbs. of gunpowder, in four bags, was lodged in four layers at the 
bottom of the outer line of stockade, the lower bag resting on the ground. 

Two sand-bags filled with earth were placed on the top of the upper bag of 
powder, besides two in front of the charge, and one at each end of it, in order to 
confine the action of the gunpowder as much as possible to the stockade. 
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' A piece of Bickford’s fuze, 6 feet in length, was attached to one end of the central 
hags, 6 inches of it being inserted within the hag. 

The fuze was ignited by slo w-matc h, and the explosion of the whole charge was simul- 
taneous. A breach was formed in both lines of stockade. The width of the opening in 
the outer line measured 9 feet 6 inches, and that of the inner line about 5 feet 6 inches, 

9th June, 1847.— The double stockade breached this day was formed in the same 
manner as that destroyed on the 8th June, the only difference being that the interval 
between the two rows of stockade was in this case 3 feet 5 inches, instead of 4 feet 
4 inches. 

It being desirable to ascertain whether both lines of stockade might be breached at 
the same time by 200 lbs. of powder confining the charge with hags of earth, 

none were used on this occasion. 

The company of Embodied Pensioners for service in New Zealand were practised in 
advancing to the face of the stockade, covered by sap rollers,* having in the rear of 
the centre sap roller a truck containing the charge of gunpowder. 

On reaching the foot of the stockade, the sap rollers remained in their position, 
and the truck was moved into an interval between the two rollers. On tilting up the 
truck, the bags of powder slipped off and lodged at the foot of the stockade. This was 
effected without difficulty, and there is every reason to presume that, on actual service, 
men advancing to lodge the charge might be thus pi’otected against the musketry ffre 
of the garrison, when the situation was favourable to such a proceeding. 

By the explosion a breach of 6 feet 6 inches was made in the outer line, and one 
of 4 feet in the inner line. 

11th August, 1848.— A stockade was erected on the causeway adjoining the ditch 
of St. Mary’s Hornwork. 

A breach was effected, sufficient for the passage of about twelve men abreast, by 
the explosion of two charges of gunpowder, each consisting of 100 lbs., and separated 
from each other by an interval of 6 feet. The charges were placed in water-proof 
bags, and a bag of earth was laid on the top, and one at either end of both charges. 


The conclusion to be drawn from the various experiments above described is — 

1st. That any single line of stockade, when the timbers do not exceed 14 inches in 
thickness, may be breached by a charge of 100 lbs. of powder placed on the ground 
and in contact with the timbers ; and that when bags of earth are placed upon and 
against a charge, its effect on the stockade will be greatly increased. 

2nd. That a double stockade may be breached by one charge of 200 lbs. of powder 
lodged against the outer line of timbers, when the interval between the rows does not 
exceed 3 feet 6 inches. 

3rd. That when there is reason to presume that the interval between the rows of 
timber is much greater than 3 feet 6 inches, the breach in the two lines must be 
■produced hy two distinct explosions. 

The chief difficulty in all attempts to force an entrance into defensible works df the 
description under consideration, is the placing of the charges without exposing the 
party employed in this critical operation to great risk. 

Even when the attack of a stockade is made at night, it may he presumed that 
some loss would be sustained hy the assailants if they advance to the stockade with- 
out having any cover, whatever may he the caution with which they approach it ; and 
therefore, as a security against failure from casualties, it would he desirable to attempt 
to attach powder-bags at various points of the enclosure. 

* Mantlets of iron plate, ^incli thick, mounted on a light frame with wheels, would be far 
preferable for this purpose.— 
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Results of Experiments iniJie (hmoUtlonhj gunpowder of u’atk huiltof hnehoorh 
and ce^nent, 'between the years 1848 and loou. 

TraK iVo.l, of 9-incliworlc, 6 feet liigli and 6 feet long, with piers 9 indies siinaro 
at the extremities. The depth of the foundation was 1 foot. 

The charges in every case were placed on the ground near the centre of the wall. 

The fii-st charge, which was of 6 lbs. of powder, produced no visibleeffcot. 

The second charge was of 7 Its., and the explosion cracked the wall at the bottom, 
very sliglitly, opposite to the charge. 

The third charge was of 6 lbs, of powder, and was weighted with two bushel bags 
filled with earth. The explosion of this charge utterly demolished the wall. 

Wall No. 2, similar in every respect to Wall No. 1. 

The charge of 10 tbs. of powder w£is contained in two bags (one of 6 tbs. and the 
other of 4 lbs.). By the explosion, the wall was friwjtured at about half its height, 


* In tfio record of this experiment, whicli appears to hriTO been conducted imder tlic oi^cr.^ 
of Major-General Sir Charles Pasloy, by Lieutenant Eenwick, of the Royal Engineers, it is 
stated that the mortar was “ particularly had,” the wall having been built during tic con- 
tinuance of a severe frost. 
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If the attack he made hy day, the mode of approach must he deteimmed by local 
aud other circumstances; probably the show of an escalade, under a 
of musketry and artillery, may enable the Engineers to lodge them 
at the foot of the stockade ; but where circumstances wid admit of wart, ng for the 
construction of sap rollers, and the ground is fevourable for pushing- themfoiuaid, 
they may be used as a tolerably safe screen for the assailants. ^ ■ 

mTa town gate has to he breached, it would he unsafe to depend upon a 
smalto charge th^ 200 fts. of powder, aud it should be weighted with three or more 
bags of earti as in all probability the gates would U strengthened ^ 

struts. In no case does it seem desk-able to suspend the charge above the level of the 

of powder may also be used in breaching thin walls of brickwork 

The flowing experiments were tried at the Eoyal Engineer Establishment, to 
ascertain the quantity of powder required to foi-m such a breach, and the best mode 

of applying the charge for that purpose. i o ^ 

3rd October, 182G.-Experiment3 were made ou two brick walls, each S feet lon„, 

5 feet high, and 2 feet 3 inches thick, which had been built lu the month of 
November, 1825, or eleven months previous to the experiments. ^ 

To the hack of one of these walls, twobagseach containing lo lbs. of po-«dcr were 
suspended at the heiglrt of 12 inches above the ground. _ These charges, wluchwere 
4 feet apart, and equidistant from the centre, were fired simultaneously. 

After the explosion, the wall appeared to be considerably injured. Thrae parts of 
it immediately opposite to where the charges were placed, were forced ^ 
distance of I Jinch, and presented an appearance similar to what w;ould probably be 

produced by the blow of a battermg-ram. 

In the second experiment, two charges each of 30 fts. of powder were applied to 
the back of the other wall, on the level of the siu-face of the ground, 4 feet aparf^ and 
equidistant from the centre. A quantity of eai-th of about 4 feet 2 inches m thick- 
ness was heaped over the charges to create a resistance in the opposite direction to 

The charges were fired simultaneously, and the effect was the complete de.structiun 
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"besides wbicli a dislocation Tvas produced between the foundation and the remainder 
of the wall The brickwork was generally so very much damaged that it was pushed 
over with ease by four men. 

Wall No. 3, similar in every respect to "Walls Kos. 1 and 2. 

A charge of 10 lbs. of powder in one bag was applied to the foot of the face of the 
walVand a bushel bag filled with earth was placed in front of and resting on the 
charge of powder. 

The explosion |)roduced complete demolition of the wall and piers. 

Wall No. 4, of 14-inch work, 6 feet high and 6 feet long, without counterforts or 
piers. 

The charge was of 10 fbs. of gunpowder, not weighted with bags of earth or sand. 

The explosion produced no apparent effect on the wall, 

Tke sa^ne Wall.-—ThQ charge the same as before (10 lbs. of powder), and placed in 
the same manner, but weighted with one filled bushel bag laid upon the charge. 

The wall was cracked hy the explosion, but was not very materially injured. 

WaM No. Sy of 14-inch work, 6 feet long and 6 feet high, with piers at the 
extremities, 14 inches square. The depth of the foundation was 12 inches. 

The charge of 8 lbs. of powder, weighted with two bags filled with earth, was 
placed at the foot of the wall, near the centre. 

The explosion forced some of the bricks out of the bottom of the wall, which was 
cracked in such a manner as to be quite unfit for further experiments. 

Wall No. 6, of precisely the same form and dimensions as "Wall Ho. 5. 

A charge of 20 lbs. of powdei*,not weighted, was placed as in the previous experiment. 

By the explosion the wall was very much shaken, so that it might have been easily 
pushed over by three or four persons pressing against it. 

Wall No. 7, precisely the same as Walls Hos. 5 and d . 

The charge was 15 lbs. of powder, weighted with three bushel hags filled with earth, 
each standing on end, one being placed at either extremity of the charge, and the third 
in front of it. The charge was lodged, as in the two former experiments, upon the 
ground near the middle of the foot of the wall 

By the explosion the wall was totally destroyed. 

The enclosure wall of the fire-barns on the left of Chatham Lines is of good brick- 
work, 14 inches thick, with piers at intervals of 10 feet, and it is 10 feet high. 

It was intended to breach this wall by two charges of powder, each of 60 lbs,, to be 
placed 6 feet only apart ; but by an error they were placed 10 feet apart, and the 
consequence was that two openings were blown through the wall, as shewn in the 
sketch, instead of one large breach being formed ; both holes were large enough, how- 
ever, to let men pass through. 

It may he deduced from these experiments, that a 14-inch wall, however well built, 
may be breached by charges of 60 lbs. of powder, weighted with two or three bags of 
earth, the charges being not more than 5 or 6 feet apart. 


Note . — Some interesting experiments were made at Chatham in September, 1850, 
under the direetiod of Colonel Sir F, Smith. A charge of 21 lbs, of powder was placed 
in a bag, three sides of which were of leather, the .other of light canvas ; the latter 
being placed against a stockade which was 6 inches thick, the charge was fired from 
the centre by means of a piece of Bickford’s fuze, covered with gutta percha, and 
wrapped in a piece of tinfoil, being inserted into it. Another charge of 21 lbs. of 
powder was placed in a common canvas bag, and fired in the ordinary way against a 
similar stockade. 

The former broke the stockade immediately above the bag. 
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PHOTOGEAPHY* Eas now attained to a position of sncH acknowledged 
usefulness in reference to many of tke arts and sciences in wMck tlie Corps of 
Boyal Engineers are professionally interested, tkat some notes on tke subject may 
prove valuable to ojQSicers wbo bave not bad an opportunity of studying or practising 
it. So many excellent works, however, on photography have been already published, 
it would he quite superfluous for me to enter at length into the chemistry or 
describe minutely the manipulations of the art ; it will he sufficient if I refer my 
brother-officers to the best works on the subject, and confine myself to such practical 
hints as may be likely to aid in the selection of good serviceable apparatus, and in using 
the apparatus to the best advantage under the varying circumstances, as regards 
climate, &c., in which officers may be placed. And as this beautifulart Is as yet but 
in its infancy, it should be borne in mind by those officers who have had any experience 
in the working of photography in foreign countries, that an account of the difficulties 
they have met with, and the means they have found most effectual in oyercoming them, 
dll be very valuable, 

It is not probable that photography will ever he of much service on tbe field of battle, 
or in ca^es where very great expedition is necessary. Success in photography depends 
upon the favourable combination of so many minute circumstances connected with the 
state of the weather and the chemical agents employed, and also with the delicate 
apparatus and the manipulation, that it is not to he expected, in the present state of 
our knowledge of the art, that any good results should he obtained under the un- 
favourable conditions of hurry, dust, smoke, &:e,, inseparable from active military 
operations. 

In reconnoitring hostile fortresses it is possible that photographs taken by means of 
some of the various dry” processes may in some cases prove of service ; but it is 
not probable that much assistance will he derived from photography in suefa cases on 
account of the exceedingly small scale on which distent olvjects are represented in a 
picture taken by means of the camera, even when the apparatus is of large size. And 
as the size of the apparatus increases, the difficulties connected with the practice of tlm 
art increase also in a very rapid ratio ; it becomes also a more conspicuous object for 
the enemy’s marksmen. 

The uses to which photography has been found applicable in a military and scientific 
point of view, or to which it evidently may he made subservient, are briefly » 
follows, viz. 

1. Obtaining exact records of the progress of public works in course of construction, 
wliioh may take the place of those tedious progress plans” too well known to most 
officers of the Corps ; thus saving much valuable time and obtaining, with the 
minimum of labour and expense, absolutely truthful representations of the progress of 
the works. 

2. Copying plans and maps, either on the same scale, or reduced or enlarged. This 
application of photography, first made use of on an extended scale by Colonel Sir H. 
James, Director of the Ordnance Survey, has lately been perfected under his direction 
by Captain A. de C. Scott and Corporal Eider, E.E., in the new process of jdioto- 


* By Capraiu Sebaw, It.B, 


The latter charge had no eflfect whatever. 

The proposition appears to have originated with the Master-Griinner of Pendennis 
Castle, Mr. Copeland.— 
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zlncograpliy. Sir H. James will doubtless slioiiily publisb full details of tbis most 
valuable discovery, wbicb promises to be exceedingly useful to tbe Corps and to tie 
public at large. 

3. Obtaining minutely accurate pictures of architectural subjects of acknowledged 
excellence, to assist in designing new works and buildings ; or of existing buildings 
to whicb additions or alterations are required, to enable the designer to adapt the new 
work to correspond with the old. 

4. Preserving exact representations of failures in buildings from defective founda- 
tions or other causes, and thus possibly avoiding litigations with contractors after the 
defects have been made good. 

5. Recording the effects of the explosion of gunpowder in different positions. 

6. Recording the results of all sorts of experiments in mechanical constructions or 
new inventions, shewing their success or failure, and illustrating reports on the subjects. 

7. Illustrating the methods of making military bridges, gabions, fascines, &c. 

8. Shewing the correct positions for soldiers in their various drills, such as rifle 
drill. 

9. In surveying boundaries of different countries, photographs of remarkable natural 
features of the country, which may either occur in the boundary line or be visible from 
certain points in it, will tend to fix the positions of the line with great certainty. 

10. Obtaining portraits of remarkable persons and costumes of foreigners. 

For amateurs, photographs of scenes, places, and persons which have interested them 
in the different countries they may have visited, must, in after years, prove deeply 
interesting both to themselves and to others, and will well repay the trouble and 
expense incurred in obtaining them. 

The Photoqeaphio Processes Recommekded to be Emplotei). — Of all the 
numerous different processes by means of which sun-pictures have been obtained, the 
one which has hitherto been found in every way the most satisfactory is the ordinary 
process of taking a negative picture on collodion, from which almost any number of 
positive prints on paper may he obtained. For very large pictures, where the 
rendering of minute details is not an object, the calotype or other process for taking 
negatives on paper may he preferred occasionally; hut the very great difficulty of 
obtaining paper sufilciently even in texture and free from impurities, the long exposure 
in the camera which is necessary, and the still more tedious process of development 
required in all negative paper processes, together with the entire destruction of the 
picture resulting from the least failure in chemical cleanliness in the operations, have 
proved serious obstacles to success in this branch of photography. And even the 
great advantages which it possesses in the lightness and portability of the material on 
which the negative image is formed, and the power of dispensing with the dark tent, 
with all its paraphernalia, when taking views at a distance from the dark room, have not 
obtained for it more than a very few supporters among the multitudes who now 
practise the “ black art.’* I shall therefore not further allude to any of the processes 
for obtaining negative pictures on paper, except to the waxed paper process of he Gray, 
which, slightly modified, appears to have given the most general satisfaction. Some of 
the pictures obtained from waxed paper negatives, occasionally to be seen in onr photo- 
graphic exhibitions, nearly equal collodion pictures in the clearness of the details and 
the beautiful gradations of half-tone. In hot climates, when the stock of collodion has 
been spoiled (an accident that will occur sometimes), it may he worth while occasionally 
to use waxed paper as a substitute for it, I have therefore appended a description of 
a waxed paper process which has been found to succeed very well at Bombay. It is from 
the pen of Mr. H. Stanley Crawford, Secretary to the Bombay Photographic Society, 
and was published in the Photographic hTews, Vol. I,, No. 18, August 5, 1859, 
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The remaining processes may he divided into dry collodion, properly so called, and 
the honey and oxymel, and other processes where the sensitive surface is coated with 
some preservative solution which remains moist for a considerable length of time, and 
in which the plates must he exposed while the surface still remains moist. Although 
very exquisite pictures may he obtained at some distance from the operating room by 
means of the latter class of processes, yet the very great care necessary in avoiding 
dust, &c. , render them quite unfitted for military purposes. The dry collodion processes 
may he subdivided into those in which the collodion, either simply iodized, or mixed 
with some resinous substance, is sensitized, washed, and dried ; and those in which the 
sensitized film of collodion is covered with some preservative agent, such as albumen, 
gelatine, gum, &c. A great variety of such processes are before the public, and 
nearly all of them have heen tried with more or less success at this establishment 5 
but our experience does not warrant me in recommending any one of them as a sure 
and simple process for plates of a large size. Good results have been produced by 
skilful operators with nearly all of these processes, yet failures are so frequent, and so 
difficult to account for, or to avoid, that it would seem as if the great desideratum of a 
simple and certain dry process has not yet been realized. A special collodion made 
with acids at a high temperature, and giving a “powdery” film which is porous and 
adheres strongly to the glass, appears essential for success with dry collodion. 

All the dry collodion processes have given better results when small plates were 
used than in larger pictures ; both because the small plates are more easily prepared, 
and because the light acts more powerfully on the sensitive surface in proportion as the 
lens has a shorter focus. 

The time of exposure in the camera appears to be about the same for all the dry 
collodion processes, viz,, about six times that required for a wet collodion plate, under 
the same circumstances, and with a moderately quick working collodion ; but in regard 
to rapidity of development, the Fothergill and gum-arabic processes have a consider- 
able advantage over the others, requiring not more than twice as long as wet collodion, 
while plates prepared by the other dry collodion processes are usually very tedious in 
development. 

As regards all the “dry processes,” however, whether on paper or glass, where the 
tent is not taken into the field and the picture is developed either at the end of a tour 
or in the evening of the day on which the view was taken, there is so much uncertainty 
about the results, and disappointment occurs so frequently when it is too late to repair 
it by exposing another plate, that, with all its inconveniences, the wet collodion 
process is very much to be preferred. If a failiu-e does occur (as it often will) in 
working with wet collodion, it is apparent at once, and the operator can try again, 
and generally by patience and ingenuity he will overcome his difiiculties, and not leave 
the subject he wishes to take a picture of until he has obtained a good negative. 

The manipulations of the wet collodion process are so thoroughly described in 
^ ‘ Hard wich’s Photographic Chemistry,” and in the numerous hand-books published 
on the sxibjeot, that I need not notice them here ; but pass on to describe the apparatus 
necessary. 

The Oameka. — A good well-seasoned mahogany camera, brass-bound, with sliding 
body, is the most generally useful form ; but, for portability, cameras are made to fold 
down fiat by means of hinges in the sides, and these are much more durable than the 
still more portable form with an accordion body ; the last mentioned form, however, is 
extremely light, and when provided with proper brass stays to prevent its being 
shaken by the wind, is sufficiently steady. 

Accordion bodies are not to be recommended for hot climates, as insects eat the 
leather and destroy the camera. If the camera is required for copying drawings, &c., 
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Ml BiEe, it sliould be made entirely of wood, and be provided with an elongated front 
in order to remove tbe lens far enough from the sensitive surface ; this front may be 
made moveable, so that the camera may be used also for landscape and portraiture. 
In the lists of materials, &c., appended tp this paper, two descriptions of camera are 
mentioned for a Government Photographer. The mahogany camem would be most 
generally serviceable, and that with an accordion body would be more convenient for 
expeditionary pui'poses. 

The three points essential in a camera, are — 

1st. That it keeps out the light perfectly. 

2nd. That it is firm and steady. 

3rd. That the focussing glass and dark slide are so carefully adjusted that when tlie 
former is replaced by. the latter, the sensitive surface may occupy precisely the same 
position with reference to the lens that the roughened surface of the focussing 
glass had. 

A failure in the 1st point will foggy pictures, or pictures with dark spots 
recurring in the same place. A failure in the 2nd point will be fatal to the sharpness 
of the negative when there is any wind, as the camera will move, and a number of 
images will be formed instead of one. If the 3rd point be not attended to the pictures 
must always be out of focus, however carefully they may have been focussed on the 
greyed glass. 

The steadiest form of tripod-stand for a large camera is that in which there are 
three long screws wbicb pass through the tops of tbe legs and through the metal 
triangular frame on which tbe camera rests. These screws can be tightened up and 
the stand made perfectly firm. 

For a small camera tbe more usual form of trij)od, in which the elasticity of the 
wood of which the legs are made serves to keep the two portions of each leg firmly 
pressed against the triangular top, is sufficiently steady, but legs which have a joint in 
the middle of their length are never steady. 

It is of importance that the focussing glass should be of glass specially prepared for 
the purpose and very finely greyed, or it will be difficult to focus correctly. 

When working wdth paper, a different form of dark slide for the camera is required 
from that suited for collodion on glass. 

As regards the size of camera, it must depend very much on the expense which it is 
intended to incur ; hut it should be borne in mind that the dlfiicuities of the manipu- 
lation and the weight to be carried increase rapidly with tbe size of the picture, and 
also that the quantity of collodion and other chemicals necessary must vary as the 
areas of the glass plates used. 

Plates 10 inches by 12 inches, or 9 inches by 11 inches, are those usually employed 
by the i^hotographers of the Corps, and for Government purposes the size ought not, in 
my opinion, to be diminished ; but for an amateur I should recommend a camera that 
will take pictures of what is called the whole plate size, viz., 8| inches by 6| inches, or 
even as small as 6 inches by 5 inches : and there should be a spare frame to fit in the 
dark slide to take plates 4 J; inches by 3|; inches for poitraits. Cameras are sometimes 
made sgmre^ so as to allow of the plate being used with its greater dimension either 
horizontal or vertical. This is useful in architectural subjects occasionally, but the 
same object may be obtained with greater portability (though at a sacrifice of con- 
venience) by making the camera so that it can be fixed on the stand, either on its 
lotiom or on its side. 

The stereoscopic camera is prefei'red by some, and it has its advantages ; but the 
larger single picture which may be obtained on a plate of the same area is in most 
..re.3pocts more satisfactory than the two small ones, and when viewed with one eye 
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gives tRe same effects of solidity and distance so well tliat it appears to me very miieli 
to be preferred. 

The Bath for containing tbe nitrate of silver solution for sensitizing plates is best 
made of gntta percba, enclosed in a wooden case with a top which screws on. The 
inside of the bath should be coated with shell-lac varnish, bj dissolving shell-lac in 
methylated alcohol in the propox'tion of about 1 oz. of shell-lac to 6 oz. of alcohol, and 
pouring it into the hath and letting it flow all over the interior, when the superfluous 
liquid may he poured off, and the hath left to drain mouth dowmw’ards, until the lac 
has hardened, which will generally take place in about 12 hours. This precaution is 
necessary owing to the impurities which are frequently found in commercial gutta 
percha, and which decompose the nitrate of silver. The dipper should be of gla^s. 

Glass baths in wooden cases are very good, but they are expensive, heavy, and very 
liable to fracture. The bath should be at least 1 inch deeper than the length of the 
plate to he immersed in it, to avoid spilling and to insure the x->late being covered with 
the solution. 

The Lenses are the most important part of the apparatus ; defects in the camera 
and even in the chemicals may be remedied more or less perfectly, but a bad lens is 
fatal ; therefore I should not recommend economy in this particular. 

Bor landscape photography the ordinary view-lens obtained from a good maker is as 
satisfactory as any ; but in architectural subjects the distortion which is unavoidable 
in this form of lens is very annoying, especially in the vertical lines of buildings, which 
are invariably bent into curves, 

Bor such subjects the new form of lens known as the “orthoscopic” or *‘calo- 
scopic’' lens is very useful, as it corrects the distortion above alluded to ; it gives also 
flatter field than the ordinary view-lens, that is, if the object to he copied he nearly 
in one plane, such as a drawing, the whole of it will he brought clearly into focus from 
the centre to the edge, which will be found to be impossible with the ordinary single 
view-lens, the image formed by the latter being on a curved surface while the surface 
on which it is received is flat. 

In taking a view, however, in which there are objects at various distances from the 
camera, the orthoscopic lens is inferior to the ordinary view-lens, as it has not the 
same depth of foms^ i.e, objects in the foreground and in the middle distance cannot 
both be sharply focussed, while the extreme distance is almost lost. By using a small 
stop or diaphragm with the ordinary view-lens, objects in the foreground and distance 
may both be photographed at the same time with considerable success. 

The aplanatic lens, patented by Mr. Grubb, is said to combine in some measure the 
good qualities of both the before-mentioned lenses ; the one which I have used, how- 
ever, does not give straighter lines than the ordinary view -lens ; but it is exceedingly 
convenient in some cases from having a very short focus and taking in a larger angular 
extent of subject than either of the other lenses. On the whole, for taking views, I 
should recommend both a Grubb lens and a caloscopic or ortlioscopic lens for govern- 
ment purposes, and the former only, or even a good ordinary view lens, for an 
amateur. For taking portraits there should always be a separate lens. 

In portrait lenses the chance of getting an inferior article is very great if cheap 
makers he resorted to. Ross’s are said to he the best, Grubb’s are also very good. 
Those made by Home and Tbomthwait are also good and not quite so expensive. 
Doubtless many other makers produce equally good articles ; but good lenses have a 
certain market value, and below that price the lenses must be inferior. 

As the diameters of portrait lenses increase, so also do the difficulties of manu- 
facture and the price, hence small portrait lenses to cover plates of from 4 inches by 
S inches to 6| inches by 4| inched and costing from £5 to £10, are to be preferred 
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for amateurs. Tlie Frencli portrait lenses are cheaper than those of English manu- 


faeture, and if carefully selected are often yery good. 


Lenses are sold which hy changing the positions of the glasses may he made to ' 

I 

answer both for landscapes and for taking portraits, either of single figures or of i 

! \ 

groups. When such lenses are really good they have undoubted advantages on the 

1 

score of portability and cheapness ; but the unscrewing and refitting the glasses is 

i 

inconvenient, and there is always a risk of dropping the glasses and injuring them, >: 

1 ' ' ■■■ 

moreover the action of these lenses is seldom perfect. The best are said to be those I' 


made by Jamin of Paris. 

( 

The Bark Room or Tent. — An operating chamber from which white light is 


excluded may generally be fitted up in any building with very little labour or expense. 


The conditions required are that it should be free from dust and draughts of air, that 

^ 1 

all white light should be excluded, hut enough yellow or orange light admitted to 

>> 

work by. The proper amount of yellow light may be obtained by means of yellow 

' * 4; 

glass, or yellow calico, or a candle. The operating room should have a waste sink 


and a good supply of water, and for the latter a tap is very convenient. An even 


temperature of about 60° with a moderately dry atmosphere is best. 


For a portable tent a simple frame-work of light wood, about 6| feet high, support- 


ing a light board for a table, about 15 inches by 30 inches, at 4 feet from the ground, : 


with a covering thrown over all consisting of two thicknesses of yellow calico and one 


of black calico, is very convenient. An opening 1 foot square for a window should be 


left in the black calico, and an extra thickness of yellow calico may be substituted for 

i 

it if the light be too strong. American drill-dyed orange is better than yellow calico 


if it can be procured. A very simple form of tent is described in Hardwich’s Photo- 


graphic Chemistry, page 261 ; but I should recommend that the covering should he 


allowed to fall down to the ground, and that it should have a double lap in front so as 


to allow the operator to get in without being tied into a bag. The form of tent-frame 


used at Chatham, designed by Captain Fowke, R.E., is quite portable, the long pieces, 


which form the sides, being jointed, and the table secured to them by brass thumb- 


screws ; the top bars are halved together and kept in place by spikes on the side pieces. 


Packing and Transport. — I n taking photographs in the vicinity of Chatham we- 


have found it convenient to pack all the materials I'equired for a day’s work in one 


box about 2 feet 9 inches by 1 foot 5 inches, hy 10 inches deep, which is carried hy 


two men hy means of two poles ; or light wheels may be fitted to tbe box, and it can 


be drawn by one man where there are roads. As this hox holds all the materials for 


a day’s work with plates 10 inches by 12 inches, a much smaller box will suffice for 


an amateur using a camera for pictures 8| inches by 6| inches. On service, or in most 

i' 

foreign countries, it will be found mm’e convenient to divide tbe apparatus between 

i- 

1 

two boxes, which will be more manageable, and may be slung on either side of a pack- 


saddle. The chemicals should he packed in one box with compartments, and tbe 

1' 

camera, plates, &o,, in the other. The tent would form a third package, and might 1 

i! 

:! 

be secured conveniently on the top of a pack-saddle between the boxes. In travelling 


any distance it is best to pour off the bath and solution into a large bottle kept for the 

1r 

Vi 

purpose, which should be impervious to light. A square gutta percha bottle, 

I 

{[ 

varnished inside with shell-lac, will be found very convenient for the purpose. For a 

[s ' 

short distance the bath may be carried by hand in its trough with the lid screwed down. 

>r 

Sun-Printing.— F lat porcelain dishes are best for preparing sensitive paper for 

I- 

printing, and for toning the prints with chloride of gold; and pressure frames with 

I'i" 

spring backs are preferable to those where the pressure is applied by means of 


screws, as the irregular pressure of the latter frequently breaks the negatives. 


American clips are very useful for hanging up the paper to dry. In. albumenizing 

i; 
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large quantities of paper for printing, it is much quicker to hrusli the albumen solu- 
tion on with broad flat brushes of hogs’ hair (such as those used by lioiise painters) 
than to float the paper on the solution in the ordinary way. The solution is brushed 
on ewenly in one direction first, and the sheets hung up to dry; when dry 
a second coating is given, the brush being used in a direction at right angles to 
that at first adopted, and the paper is again hung up to dry. The operation 
requires care to avoid streaks or bubbles ; but after a little practiee it becomes 
very easy. It is best performed on a board rather smaller than the sheet to be 
albumenized ; this prevents the brush from becoming contaminated with dirt, as 
it touches nothing hut the surface of the paper. Amateurs are however recommended 
to purchase albumenmed paper from respectable dealers. 

A few gutta percha trays are very useful for washing prints, for fixing them, for 
catching the waste solutions when developing in a tent, and for w^ashing collodion 
plates when preparing them for any of the dry processes. 

The paper best suited for photographic printing, especially when the jfictures are 
small, is that known as paper, and “Caiison’s” is generally considered the 

finest. The tliicker sorts of paper, called positive paper, are sometimes useful for 
large subjects. 

The glass recommended generally for collodion negatives is patent plate, which is 
very expensive. The best 16oz. sheet glass answers the purpose sufiieiently ■well and 
is much cheaper. Such glass is however sometimes difficult to clean, and occasionally 
it is not quite fiat, which makes it unsuitable for the purpose of photography. 

The pneumatic plate holder is indispensable for plates larger than S| inches by 
6| inches, and it is very convenient for these or even smaller plates. The globe 
plate holder is a convenient form for small plates. 

The Ceej^ioals required for photographic purposes should be exceedingly piire, 
or tbe results wdll be generally unsatisfactory. It is recommended that they be 
obtained from makers of reputation, wdio devote their attention to tliis branch 
especially, "^e have dealt with Messrs. Thomas, 10, Pall Mall ; Hopkin and 
Williams, 5, New Cavendish Street, Portland Place; or Burfield -and Eouch, 180, 
Strand, London, 

Two lists are appended to this Paper, the one giving the materials required for a 
year’s supply for a photographer constantly employed on Government work ; tbe other 
for a small equipment for an amateur working with plates 7 intdies by C> inches for 
views, and 4 J inches by 3g; inches for portraits. 

For foreign stations more than usual care must be used in selecting tlie collodion, 
as it is a very unstable compound, and if not perfectly pure, and prepared in the 
best manner, it rapidly becomes unfit for use. Mr. Hardwich’s collodion, now 
manufactured by Messrs. Burfield and Roucb, bears a very high character ; so also 
do those manufactured by Mr. Thomas, Pall Mall, London, and by Mr. Keen, of 
Leamington. The last named is specially adapted for the dry processes, and may be 
obtained from any respectable dealer. At the Ordnance Survey Office, Southampton, 
pyroxyline has been obtained from Mons. Cappe, 4, Quai de Billet, Paris, and we 
have used tbe same here for a considerable time. At first it gave admirable results, 
but it has deteriorated by keeping, and latterly we have found it xmeertain in its 
action. If pyroxyline be purchased, and made into collodion as required, the ether 
used must be carefully preserved from the effects of light and heat, or the collodion 
will rapidly assume a dark colour on being iodized, and become insensitive and 
useless. 

Upon the whole I should not recommend amateurs to attempt the manufacture 
of their own collodion, unless they are expert chemists. The substance is so very 
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easily altered in its properties, that foilnres are almost certain to occur frequently, 
and it will be better and cheaper eventually to purchase the collodion from good 
makers. It will be well, however, to have two iodizing solutions — one iodide of 
cadmium, the other iodide of potassium ; these two iodizers are now sold with 
nearly all good collodions, and may be varied according to circumstances. The 
cadmium iodizer is very valuable in hot climates, as collodion there rapidly acquires 
the property of liberating iodine from iodide of potassium, when it gives weak 
|)ictures and requires long es:posure. It will be best also to get collodion sent out in 
small quantities at a time; there will thus he l^ss risk of the whole stock turning 
bad. 

I have made no mention of the positive collodion process, because the negative 
process is so much to be preferred, that it is not worth while for an officer who has 
other occupations to waste his time upon it ; and as the pictures cannot be multiplied, 
and are on such a heavy and fragile material as glass, they are useless for military 
purposes. 

Some general directions, not found in most books on the subject, with reference 
to the process of taking negatives on glass, and printing positives on paper, maybe 
useful in conclusion ; hut for full details of the process, with explanations of the 
chemical theory, and directions for overcoming all sorts of photographic difficulties, the 
reader is referred to the 5th edition of Hardwich’s Photographic Chemistry.” 

Gtenehal Dieections eoe Taking Negatives. — After having tried nearly all the 
various methods recommended for cleaning photographic glasses, "we have not found any 
more convenient detei’gent than tripoii powder mixed with enough diluted alcohol (1 alcohol 
to 6 water) to bring it to the consistency of cream. In applying this a small quantity is 
dropped on the plate, which is laid on a pad of blotting paper, and with a tuft of 
cotton wool the tripoii is well rubbed over the surface, and cleaned off with another 
tuft ; the plate is then turned over, and the other side treated in like manner, and the 
edges carefully wiped ; it is then examined to see if there he any scratch or flaws on 
either side, and the best side is selected for the collodion, the pneumatic holder is fixed 
to the other side, and the surface is polished with an old silk handkerchief, or piece of 
wash leather, the latter being rather preferable. A little methylated alcohol is often 
sufficient to remove a slight stain on the glass. 

The bath should always he kept covered to preserve it from dust and light, a "browm 
paper cap wiiioh will drop on loosely is most convenient in tfle operating room. 

In very hot climates chemical changes proceed so rapidly that half a minute or less 
in the hath may be sufficient, although in cold weather from 2 to 5 minutes is 
generally necessary. 

The plate should be well drained before putting it into the camera slide, and 
if this is done on the dipper over the bath a good deal of solution will be saved. 
A strip of clean blotting paper laid on tbe back of the plate near its lower edge, after 
it is placed in the slide, is a useful precaution, as it saves the slide from the 
corroding action of the waste solution which would otherwise run down into the 
groove at the bottom, and which also is a fruitful source of spots on the picture 
from the slide being shut down too forcibly and splashing up some of this liquid on to 
the plate. 

The sooner the plate is exposed and developed the better, especially in hot weather ; 
but in cool damp weather, if the collodion gives a good thick creamy film, it may some- 
times he kept for half an hour, or even three-quarters of an hour; and when the 
necessity of a very long exposure, as in photographing interiors, obliges such a coarse, 
it may be useful to re-dip tbe plate in the bath before developing : this practice is not^ 
however, to he recommended, as there is great danger of carrying some organic impurity 
into the bath, and so putting it out of order. 
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In developing an under exposed picture in wliicli tlie details of the shadows 
appear very slowly, the development should he carried on as far as possible before 
adding nitrate of silver to the solution. If the picture be over exposed, on the other 
hand, it is best to fix it as soon as the details of the shadows appear, and after 
well washing it, it may be intensified if necessary with pyrogallic acid and nitrate of 
silver. 

When hyposulphite of soda is used for fixing (which I should generally advise in 
preference to cyanide of potassium), it is best to leave the plate for a while in a dish of 
water before intensifying it, as the least trace of hyposulphite of soda remaining on the 
film would cause a stain. 

In eases when a sufficient supply of water for washing the picture after fixing is not 
procurable, cyanide of potassium may be preferable to hyposulphite of soda, as it is 
more easily removed ; but it must be used very carefully, or the delicate half-tones of 
the picture will be injured. 

A very excellent and durable varnish is made by dissolving white lac in alcohol, 
but it requires the aid of artificial heat to dry it rapidly, or it will have a dull 
surface. 

Crood varnishes are sold composed chiefly of gum benzoin or amber dissolved 
in chloroform, which may be used without artificial heat and are therefore more 
convenient ; they are, however, more expensive. 

In photographing landscapes or architectural subjects, a view-meter is exceedingly 
useful ; it is a small hollow truncated pyramid of tin, constructed so that when applied 
to the eye, the field of vision is limited to exactly what will be depicted upon the 
sensitive surface by the lens to which it corresponds. The best point of view may 
thus be selected without moving the camera from place to place. Full consideration 
should invariably be given to this important particular, as the value of the finished 
photograph, as a picture, will mainly depend upon the taste and judgment displayed 
in selecting the point of view, 

A moveable front to the camera is frequently of great use in regulating the amount 
of foreground in the picture without disturbing the horizontal position of the camera, 
which should always he carefully preserved, or the subject will be distorted into the 
shape of a pyramid, the vertical lines converging upwards or downwards according to 
the direction in which the camera is inclined. 

In focussing, the principal objects should be most sharply defined, and in general a 
want of clear definition in the foreground will he more disagreeable than if the distance 
be slightly out of focus. 

In judging the necessary time of exposure, which can only be done by practice, 
it should be remembered that the total amount of light which is thrown on the 
sensitive surface through the lens mainly influences the results. For instance, a large 
building covered with ivy, which occupies nearly the whole of the picture, would 
require a considerably longer exposure than a comer of a wall of the same building 
occurring in a portion of a well lit landscape, although the camera were at the same 
distance from the building in both cases. On the same principle, the nearer the 
object to be copied is to the camera the longer will be the necessary exposure to 
produce a good picture. 

In copying drawings, &;c., with the elongated front, it is essential that the planes 
of the picture to be copied, and of the sensitive surface, be exactly parallel, otherwise 
distortion of the image will result. A small stop is necessary in copying drawings 
with the ordinary view-lens to overcome, as far as possible, the curving of straight 
lines into a barrel shape, which is the great defect of that form of lens. The 
curvature of the image {i, e. its being formed on a curved surface instead of a plane 
one, as before mentioned) renders it impossible to focus the whole picture with, eaual 
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sharpness, it is best therefore to focus on an annular ring midway between the centre 
and outside of the picture ; by this means the whole picture is nearly in focus. When 
great accuracy is required only a small portion of the field of view should be used, 
say 7 inches square for a lens used to cover a 10" x 12" plate. With a good lens the 
distortion may thus be so far reduced as to become inappreciable. When the drawing 
to be copied is at ail yellow or soiled it is generally necessary to intensify the negative 
by means of bichloride of mercury to obtain good results. 

The mode fof doing so is as follows : — The negative is rather under exposed and is 
developed and fixed as usual, but not intensified with nitrate of silver ; it is then 
immersed in a saturated solution of bichloride of mercury till it is thoroughly 
whitened ; it is then washed and flooded with a solution of 10 parts of water to 1 part 
of hydrosulphate of ammonia, which rapidly forms a sulphuret of silver and mercury of I 

great density. The picture is then washed and varnished as usual: should the j 

hydrosulphate of ammonia be too weah, sufficient density will not be attained. | 

To clean the glasses after they have been used in this way it is necessary to soak them 
in a strong solution of iodine and iodide of potassium before applying the tripoli powder. * 

In portraiture, the grouping of the figures, the dress, an^, the background all require 
careful attention. A dark background gives generally the most pleasing effect, and ! 

the figure stands out better from the background when the latter is slightly out of 
focus. It is generally necessary, in photographing a single sitting figure, to point the 
axis of the lens somewhat downwards, so as to bring the focussing screen nearly 
parallel to the general direction of the figure. 

Groups of figures may be taken successfully in a good light, with a single lens of 
short focus, using the largest aperture. A good portrait lens is however generally 
better for the purpose, as the necessary time of exposure is shorter. In using a 
portrait lens in such cases, the group should he arranged in a curved form, the figures 
on the outside being advanced towards the camera ; and if two rows of figures are 
necessary, those in the front row should be children or sitting figures, and the camera 
should then be pointed downwards, so as to bring aU the faces into focus. Taste and 
judgment will be required to avoid stiffness in the grouping. 

Animals must generally be photographed in the sunlight, when, with a good portrait 1 

lens, and under favourable circumstances, from half a second to one second will be \ 

sufficient exposure ; but the gradations of half-tone are seldom so well rendered as \ 

when the object is placed in a more subdued and equally diffused light. I 

As a general rule, the position to he preferred for the camera, with reference to the i 

sun, is when the sun is behind the camera and shines upon the scene to be depicted ; \ 

but cases frequently occur when it is necessary to reverse this position. When this j 

happens, or when the refiection of the sun from water, or light-coloured ground, is | 

thrown upwards into the lens, it becomes necessary to shade the lens from such direct ■ 

or reflected rays of the sun, and this may generally be effected by means of a j 

focussing cloth or other dark material held in the necessary position. j 

It is also a very excellent rule to throw a focussing cloth over the body of the 
camera before raising the slide which exposes the sensitive surface ; this prevents any j 

rays of light reaching the plate through the slit in which the slide works, or through 
any other minute chinks which may exist in the camera. 

Sergeant Church, R.E., when employed as a photographer in the very hot climate 
of Honduras, found it a nseful precaution to put a wet cloth over the “chassis” j 

(dark slide) when carrying it from the operating tent to the camera, and to spread 1 

this cloth over the camera during the time the plate was being exposed; this kept ] 

down the temperature and prevented the very rapid evaporation which would other- I 

wise have dried up the surface of the plate before he could have developed it. He f 


also found it a great assistance when water was near at hand to pour a few bucket- 
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Ms on tke ground liefore pitcliing Ms operating tent ; tliis diminislied tiie cliances of 
dust spoiling tlie picture, ’and by producing an artificially bumid atmosphere, the con- 
densed moisture from the breath could be observed on the plate, so as to ascertain if 
it were clean, which cannot be done when the air is very hot and di‘y. 

For preparing the nitrate of silver baths, and most of the solutions used in photo- 
graphy, distilled water is necessary ; but for the developing solutions good filtered 
rain-water or river- water will answer sufficiently well. If the water he bx'aekish, or 
contains any chlorides in solution (as is the case in most hard waters), it will cause a 
precipitate of chloride of silver on the plate and interfere with the development. 
When it is difficult to procure better water it wdll answer if nitrate of silver solution 
be dropped in until no further milkiness results j but this is of course an expensive 
expedient. 

For washing positive prints, ordinaiy hard water answers well, though river water, 
if procurable in sufficient quantity, is generally considered preferable. 

Small defects in the skies or in unimportant parts of negatives may be painted out 
easily with indian-ink and a fine brush on the collodion surface before the negative is 
varnished ; but after varnishing, such touching out becomes more difficult. 

Defective skies may sometimes be stopped out on the negative by taking a print 
and cutting it out carefully along the line of the horizon ; the sky portion is then 
exposed to the sun and fully darkened and gummed to the hack of the negative, but 
it is necessary to paint out the edge of the horizon on the collodion side to prevent any 
light getting round the edges of the paper. In general, however, it is best to shade out 
defective skies by a piece of pasteboard outside the glass of the printing frame, 
arched up from it so as to avoid a hard line ; and whenever shading out is resorted to, 
the printing must be carried on in the shade, not in direct sunlight, or a hard line of 
demarcation between the shaded and unshaded portions will result. 

In conclusion, T would recommend any one who wishes to excel in photography to 
stndy the chemical theory of the subject. Hardwich’s Photographic Chemistry is 
generally accepted as the best work which has yet been printed ; in it will be found 
every sort of information which the beginner or the more experienced photographer 
can desire. 

The details of the best process for obtaining positive proofs on paper have, however, 
.altered slightly since the last edition of that work was published. I have therefore 
introduced them in the appendix to this paper; the process there described was first 
published in No, 8 of the 1st Yolume of the Photographic News, October 29, 1858, by 
a person signing himself 

This process has been practised at this establishment ever since, and has been 
found so immeasurably superior to the old method of toning and fixing in the same 
bath, that no one who wishes to obtain pleasant tones, clear whites, and prints which 
may reasonably be expected to be permanent, should hesitate to incur the very little 
extra trouble which “ Theta’s ” process involves. 

Appendix. * 

Solutions FOR Peeparino Paper EOE Pkiotino. 

Albumen. 

White of egg , . . , . . . 1 ounce. 

Chloride of Ammonium ♦ . , , . , 20 grains. 

Distilled water , * . . . , . 1 ounce. 

When paper is floated on this solution it should remain in contact not more than 
one minute and a half if thin, or two minutes if the paper is thick. In warm 
bright weather the chloride may he reduced from 10 to 7 grains per ounce, and the 
■silver in the sensitising bath must be reduced in proportion (say ^5 grains). If a very 
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glossy surface l^e desired for small portraits, &c., more alliumeii should be used iu 
proportion to the water, say 1| 02 . of albumen to oz. water. 

Sensitizing Batb. 

iSfitrate of silver. ...... 60 grains. 

"Water (distilled) . . . . . . 1 ounce. 

Irbe paper to remain in contact with this solution five minutes. 

In using albumenized paper jmepared with 10 grains of chloride to the ounce of 
solution and a sensitizing batb of 50 grains of nitrate to tbe ounce, floating 10 sheets 
of paper 10 in. by 12 in. (on a 10 ounce batb) reduces tbe strength of tbe solution 
from 50 to 40 grains per ounce, and uses one ounce of the solution. 

Therefore, after sensitizing ten large sheets, 10 in. by 12 in., or SO small sheets, 6 in, 
by 8 in., add 1 ounce of solution, of lOO grains to the ounce, to the bath to keep it 
up to the full strength. If the strength of the bath be allowed to fall too low tbe 
prints will be weak and mottled; 

Solutions iron Tomna akd 'Fixtm Positive Pkikts bv 
“Theta’s” Process. 

, 30 ouncesi 

. 1 drachm, 

. 125 gi'ains, 

. 30 ounces. 

. 5 grains* 

i 30 ounces. 

. 6 ounces, 

i 30 ounces 

Solutions A and B ought to be mixed in equal proportions immediately before being 
used, and only in sufficient quantity to tone tbe number of prints required. One 
grain of gold will tone about four 10 in. by 12 in. prints by this process. Tbe proofs 
must be printed deeidy, and tbe whole of tbe silver washed out in two waters before 
immersion in tbe ammonia batb, in which they must remain Jive mmutes. They are 
then to be washed in one water and removed to tbe toning hath^ and left there till 
very purple; then washed again and placed in the fixing bath for iibout ffteen 
minutes. They are then washed as usual for twelve hours in running water and 
bung up to dry. 

Account OB' THE Waxed Parer Process as Practised Successeullt 
IN Bombay, BT Mr. H. Stanley Crawford. 

Published in bfo. 58 of the 2nd Vol, of the PHOToaRAFHio JVTews. 

* * * ^ “ To wax paper, I shall give no particular formula, so many excellent 
modes having already been given, nearly all of which answer equally well here as in a 
cooler clime. For my own part I prefer purchasing ready waxed paper, thereby 
saving myself the inconvenience of a troublesome operation. In purcbasing waxed 
paper, however, it should be carefully examined sheet by sheet; those free from con- 
spicuous flaws should be selected, and while having the appearance of being 
, thoroughly saturated with wax and quite transparent, they should present no shiny 
^patches on the surface, hut a uniform dull smoothness ; should shining patches appear 


2nd Bath. 
(Toning.) 


Brd Bath. 
(Fixing.) 


j Common water . i 

( Ammonia 

Solution A. 

r Carbonate of Soda . ; 

I Common water 

Solution B. 

{ Chloride of gold 
( Distilled w’-ater 

Fixing Solution. 
( Hjqiosulphite of soda 
( Common water 
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on papor in other respects good, the objection may be got rid of by carefully ironing 
the sheet between clean folds of bibulous paper. 

‘‘Waxed paper, whether in its plain state or iodized, should always be hept in a 
portfolio, and in as cool a situation as practicable. 

“The iodizing solution I hare found to answer best, is made as follows 

“No. 1. In 20 ounces of distilled water dissolve 480 grains of iodide of 
potassiuna. 

“No. 2. In 10 ounces of distilled water dissolve 96 grains of bromide of potassium, 
and then add 24 grains of chloride of potassium. 

“ No. 3, In 10 ounces of distilled water dissolve 10 grains of cyanide of 
potassium. 

“ No. 4. In 4 ounces of distilled water dissolve 5 grains of iodine. 

“ Mix solutions Nos. 1 and 4 together, agitate well, and then add No. 2 solution to it 
and agitate well ; finally throw in solution No. 3, and agitate well. This solution 
should he kept in a well-stoppered bottle covered from light, and will be of service till 
entirely expended. 

“Wlien required for use, this liquid should be filtered through white clean bibulous 
paper into a pan of good depth, and as many sheets of paper as are required may be 
immersed one by one in it ; care being taken that no air bubbles adhere to the paper, 
either above or below, and that the liquid quite covers the whole mass of paper. 

“The paper should now be allowed to soak in this solution fr’om 6 to 10 hours, 
after which it may be taken out sheet by sheet, and hung up in a cool place (not 
exposed to much light) to dry ; when dry it should be carefully wrapped in clean 
paper, and placed in a portfolio till wanted, and, with ordinary precautions, may in 
this state he preserved good for months. 

“The exciting solution is made thus In 24 ounces of distilled water dissolve 2 
ounces of crystallized nitrate of silver; when dissolved, add glacial acetic acid 2i 
ounces, and finally add ounces of alcohol. 

“ Filter before use into a pan larger somewhat than the paper to be excited. 

“Into this solution immerse one sheet of the iodized paper (taking great care that 
no hubbies adhere) and allow it to soak for about 5 minutes, when it should be taken 
out, and if to be kept for several days, placed in a similar pan contiiiuing pure 
distilled water, rinsed in it for a minute or two, and then dried olf between folds of 
clean bibulous paper, where it should be retained ready for use in the camera. As many 
sheets as are needed may thus be prepared one after the other, and when finished 
should be kept in a portfolio in a cool place, and most cautiously excluded from light, 

“ To give any accurate time for the exposure necessary in the camera is almost an 
impossibility, but with a 3-in. view-lens, J-in. opening, and our ordinary Indian light, 
five to six minutes would be about the time required by this paper for buildings, but 
for foliage or dark masses of architecture in shade, nine to twelve minutes would 
probably be better. 

“It may not be out of place here to impress upon the mind of the novice the 
absolute necessity of the most strict caution not to allow the least ray of daylight to 
get at the sensitive paper when not under exposure through the lens to a view. 
Camera slides, no matter how carefully made, cannot thoroughly exclude our bright 
sunlight, and the only plan to ensure certainty is to wrap several folds of yellow cloth 
round the slides when not in use. Too much care cannot be bestowed upon these 
precautions. 

“Paper made sensitive as above described may be kept, with the precautions 
advised, at least ten days with perfect confidence. I have worked with such paper 
16 or 17 days after excitation, and found no appreciable diminution of effect, even in 
the time of exposure. It may also be kept several days after exposure in the camera 
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before ‘being deTeloped. At tbe same time it is always advisable to use the paper as 
soon after excitation as possible, as involving less chances of failure in excluding 
mishaps which might intervene by the lapse of time, The same remark applies to 
the development, which in particular should, if practicable, he done within 24 hours 
after the exposure in the camera. 

*'The developing solution is made hy filling a hottle quite full with hot distilled 
water, and throwing into it as much gallic acid as the water will dissolve ; when it 
will dissolve no more the solution should he allowed to cool and settle, then the clear 
liquid may he poured into a clean pan, say to the depth of a J of an inch. Into this 
the impressioned sheet is immersed and allowed to remain for five or ten minutes. 
The picture rarely developes rapidly under this solution, there being so little free 
nitrate of silver left on the paper ,* it is necessary, therefore, to assist the development 
hy throwing into it an ounce of the water in which the sensitive sheets were washed * 
(which should hi preserved in a bottle for this purpose) ; the picture will now rapidly 
develope, and from this moment the process requires very careful attention : — in the 
first place to check it at the point when all the details of the picture are properly out ; 
and in the next, if the developing liquid shew symptoms of browning (decomposition), 
wliicli in this climate will speedily occur in gallic acid to which free nitrate of silver 
has been added, to replace it immediately with fresh ; a neglect of this precaution 
may perhaps destroy what would otherwise have proved a good picture. 

The time that the process of development occupies varies so much that none in 
particular can he stated. However, a picture is seldom out in less than a quarter of 
an hour, and it may he 12 or 20 hours, if the exposure in the camera was too short 
a time ; in the latter case particular care must he taken to renew the gallic acid 
solution, should it shew symptoms of becoming brown. 

**A picture should he allowed to go on developing so long as the whites or half- 
tones do not suffer, that is darken. When all the details appear distinctly visible, 
the sheet of paper should he held up between the eyes and a light ; if the blacks in 
this position present a density impenetrable to light, the whites a clear transparency, 
and the half-tones a relative value, the operation should he stopped, the picture put 
into a pan of clean water and brushed on both sides with a soft broad camel’s hair 
brush to remove any deposit that may have settled upon it ; if allowed to remain thus 
for about half an hour, nearly all the acid will he washed out ; it should then be 
passed through a fresh pan of water, and afterwards to remove the iodide, placed in a 
bath of cyanide of potassium, made as follows : — • 

Cyanide of potassium . . . . * .80 grains. 

Water , . ♦ . . . . . .16 ounces. 

Filter for use. 

“ This hath is pi*eferahle to one of hyposulphite of soda, inasmuch as it acts more 
quickly, is less bulky, and is safe in operation, for nothing can he more injurious in 
working than hyposulphite, the least contact of which is destructive to the exciting 
and iodizing baths. 

“The cyanide bath is very energetic, and consequently the picture requires much 
attention when in it ; for if left beyond the time sufficient to dispel the yellow iodide, 
it will, in continuing its action, reduce also the blacks-— indeed, it would, if left 
for any lengthened time, entirely obliterate the picture. 

“If a hyposulphite bath is preferred, the following will be found to answer well ; — 


Hyposulphite of soda . . . . , . Bounces. 

Water, ^ , . . . , . 20 ounces. 

Filter. 
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“ Whea tlie iodide lias thoroagHy disappeared, tlie picture sliould be wasiied for an 
hour in several changes of water (say four or five times) and in a good supply of water 
eacli time ; it sliould afterwards be bung up to dry. 

«Wben tborouglily dry, expose to tlie sunshine for a few minutes, and finally 
iron with a moderately heated iron ; this operation renews the transparency of 
the paper, which, in its continued and repeated washing, is in general somewhat 
impaired. 

^‘ In conclusion, I have only to recapitulate and throw out a few further precautions. 
Adopt the utmost cleanliness in every stage of the operation. Use no chemicals but 
what are guaranteed as the best. In exciting, use in the dark room no more light 
than is sufficient to enable work to be done with comfort. Use fresh clean bibulous 
paper for blotting off the paper after exciting. Filtered or otherwise, let all the 
solutions be perfectly clear and limpid. Use the greatest care in preserving the 
excited paper from the least ray of light when not under exposure in the camera, and 
so till the picture is developed. Never use the gallic acid bath after it has browed 
at all ; after fixation in the cyanide bath, wash thoroughly in water to remove every 
trace of that solution. The paper, in every stage — in its plain, iodised, excited, 
impressed, and completed state — should always be wu’apt in paper and laid fiat in a 
portfolio, kept in a cool place. In this climate, every camera for out-door 'work 
should have a thick yellow quilted cover, which both serves as a protector to the 
wood, and excludes white light which might gain admission by any barely perceptible 
flaw, and also assists materially in maintaining a cool atmosphere about the paper* 
The lens must of course be wiped occasionally perfect knowledge of the proper use 
of the various sized diaphragms can only be acquired hy experience and practice, 
but, as a general rule, the smallest sizes, compatible with the amount of light 
available, should be used, 

Accouns of a Mope of Waxino Pafeu. 

Exseaciei) from ihe PnoToaRAPHio News, Yon. 11. 

** A dish of block tin, without joints in the bottom, and one inch deep, Is made to 
fit into another and larger vessel, also of tin, containing boiling water, which must he 
kept at the boiling point by any convenient heater. A cake or two of white wax is 
put into the waxing dish, and when it is melted, the sheet of paper is floated thereon. 
When the paper is saturated with wax, take it up and drain off as much as possible of 
the superfluous wax. Do the same with any number of papers. Then with a clean 
box iron, h iron them one at a time between from four to six thicknesses of blotting 
paper, until the blotting paper is saturated with wax; then iron between fresh blotting 
paper, which may require to be repeated. The second and third blotting papers of 
the first batch, will do the first and second ironing of the second batch. Proceed thus 
until all are ironed, and appear (when held between the eye and the light) free from 
any opaque or shining spots, and perfectly clear and transparent. 

‘‘Another method of waxing paper is to ifiace the paper on two or three folds of 
blotting paper ; then as you pass the iron over the back of the paper with one hand, 
follow it closely with a piece of wax held in the other — the excess of ivax being ironed 
out as before. I do not recommend this mode of waxing papers previous to iodising, 
but it answers very well when one or two calotype negatives have to he waxed, and 
must do when the photographer is unprovided with a tray.” 

* This is "best done witk chamois leather— it is less liable to scratek the glass than silfe. 

P t English, photograpkers lay great stress upon tke iron not being used, too hot, a very hot 
iron spoiling tke paper. 



Amateur Photographer (Coiumrs B.) 
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PLANTING TREES. — POINT BLANK. 


PLANTING TREES.- — may be observed that luxuriant trees, whether old 
young, haYe the upper parts of the roots, where they divide from the stem, above 
the surface of the ground; and that, on the contrary, those wMch have a portion of 

their bark below the ground, generally exhibit an imperfect growth. 

While a tree will live though its inside be hollow, it will die if a knife be passed 
round its trunk, so as to girdle the bark ; the vital part not being in its centre, but 
just under the bark, where nature adds, season after season, to its growth. Hence, 
if the stem be so situated as that the bark be rotted, the same effect will be produced 
as if girdled by a knife. 


The section suggests the manner in which a tree should be planted ; and when on 
hard ground, it is desirable to surround it by a little bank, as shown at a % to catch 
the rain in such a way, as that it may soak to the fibres of the roots, leaving the 
stem dry. 

Another cause of failure in transplanting trees is owing to the roots being too much 
cut away, instead’ of digging them up with care, and then placing them in the ground 
in a similar manner, copying nature as nearly as possible. — S. B. H. 


POINT-BLANK. “In the Brithlh Sermccy piece of ordnance is said to be 
point-blank for an object when the axis of the gun and the object are in the same 
plane ; which may be either parallel or inclined to the horizon : hence the point-blank 
range [of a piece of ordnance, or its range at no elevation, is the distance from the 
muzzle of the gun to the first graze, measured upon a plane passing under the wheels, 
and parallel to the axis of the bore.” 

1% the French But enblanc nature!, ou simplement but enblano : le plus 

eloign^ des deux points de rencontre de la trajectoire avec la ligne de mire naturelle. 
Portee de but en blanc : distance du but en blanc A la bouche de la pi^ce.”* 

^^Bans les canons, le but en blanc est comme dans les armes portatives, la seconde 
intersection de la trajectoire et de la ligne de mire naturelle. 

La port6e de but en blanc depend de la grandeur de Tangle de mire naturel ,* elle 
varie pour les diff^rents calibres et augmente ou diminue avec la charge qu’on 
emploie.” + 

The late General Bundas observes — “ The but en blanc, in French nomenclature, is 
the range of the projectile from a gun, laid with the line of metal elevation, or angle 
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de rajre, 800 yards l3eing given as the range with that elevation, and one-third the 
weight of shot in powder as the charge : it is presumed that the dispart (Anglice) 
of the gun is ahout 1®, which makes the power of the 30-pr. French and the 32-pr- 
English nearly eqnal. In the French Service the tangent scale or the hausse is divided 
for distances and not for any definite angle. 

‘‘The point-hlank range of a giin, in the English Service, is the distance from the 
muzzle of the gun at which the projectile strikes the ground, after descending, by the 
force of gravitation, through a distance equal to the height of the muzzle above that 
plane on which the wheels stand. 

“It is evident that there is much vagueness in the term ^point-blank range, ^ for 
guns are seldom on the same height of carriage, and therefore their range is unequal j 
moreover, it very seldom happens that the ground over which the projectile passes is a 
dead level : if fired over an ascending plane, the resistance of the projectile in passing 
out of the gun is increased, and over a descending plane diminished ,* consequently 
the ranges are increased and diminished.’’ 

It would seem that pomt-dlaiih in the French Service, is purely an arrangement of 
the sight, whilst in ours it is considered to show the absolute power of the gun ; but 
there are so many coiitingences connected with this power, such as windage, length of 
the piece, and thickness of metal, that any just comparison in pieces of ordnance is 
very difficult. 

Practically, for all useful purposes, foint-hlanlc may be deemed as the line of no 
elevation or depression of a piece, whether cannon^ carhme, rifle, or musket; and the 
2mnt-blan7c range the distance which they will carry a ball without elevation or 
depression, varying according to its construction. This explanation applies equally 
wliether the object fired at is either horizontal or upon an ascending or descending 
plane, if the line of no elevation be taken as parallel to the surface of the ground. 

Every gunner, rifleman, or musketeer should ascertain the point-blank distance of 
his piece, or, in other words, at what range he can fire and hit the object or bull’s-eye 
of a target, by a direct aim, without elevation or depression : the necessary elevation 
and the depression, not of much consequence, may be found by practice, or by- 
reference to Tables of Artillery and Musket-ball Firing, given in this work.— Gf. G. L, 


PONTOON . — The pontoon or metal open boat or punt with flat bottom, in the 
British Service, may be considered as obsolete ; the word is retained in other forms, 
as Blanchard’s Pontoons, India-rubber Pontoons, and General Pasley’s Pontoons. 

The pontoon was of metal over a frame-work of light scantling, tinned inside and 
out (see figure in the next page) : the pattern is very old. It was used in aU the 
wars in Flanders, and drawings of one may be seen in Miiller’s work on Artillery. 

Although imperfect, heavy, and difficult of transport, the pontoon was the only- 
resource fora Bridge Equipment with the armies under the Duke of Wellington, in his 
Peninsular and French campaigns, for the passage of rivers. These pontoon equip- 
ments formed a part of the Engineer Establishment in those countries, with a detach- 
ment of Eoyal Sappers and Miners, and a few seamen. 
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Pai't of a Pontoon Bridge.— Scale 14ft. to an inch. 
Dimensions and WeigTit of Tin Pontoons. * 



Large Pontoon. 

Small Pontoon. 

f Length at top . . 

Outside J ,, „ bottom . 
measure. I Breadth , . . . 

L Depth 

ft. in. 

21 1 

.16 8 

4 10 

2 ^ 

ft. in. 

16 10 

13 4 

4 0 

2 0 

Weight of pontoon . . 

,, „ appurtenances 
„ „ carriage . . 

cwt. qrs. lbs. 

9 1 2i 

12 3 9i 
12 3 7* 

cwt, qrs. lbs. 

6 3 16 

8 2 2 

11 3 21 

Total weight . . , 

35 0 124 

27 1 11 


EacTi pontoon had a carriage for transporting it, and the following appurtenances : 

6 chesses for flooring 1 grapnel 1 sheer-line 

6 baulks, or beams 1 pole 1 boat-hook 

1 gang-board 4 spring-lines 1 maul 

2 oars 1 cable 4 pickets, &c. 

1 anchor 

A Pontoon Train was composed of 36 pontoons, one-half of which usually formed 
a Bridge Equipment with onr army in the Peninsular War. 


Equipment. 

Carriages. 

Horses for each. 

Total of Horses. 

Pontoon carriages . , . . 

S6 

6 

216 

Spare ditto . . . , , . 

4 

6 

24' 

Forge waggons . . . . , 

2 

6 

T2" '.■■■ 

Boats mounted on carriages . 

4 

6 

24 

Waggons for tools * , . , 

2 

4 

8 

Carnages for stores # , , 

S 

4 

32 


56 


316 


T^om General Sir Howard Douglas’s work on Bridges. 
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Witli a well-arranged train of pontoonsa and expert pontooners, the time to con- 
struct a bridge was at the rate of If minute for each pontoon. 

Independent of their unwieldy nature, and the difficulty of transporting the old 
metal pontoons, as described above, they were only suited to tranquil streams, not 
subject to sudden hoods ; for if any sudden rise of the water occurred, or if the river 
became disturbed by wind, they filled and went down. ; 

A perfect Pontoon Bridge Equipment, combining facility of transport with the quich 
means of passing armies over considerable rivers, does not seem to have been yet 
organised. 


See also articles ‘Bridges,’ and ‘Passage of Elvers.’ — d. Gr. B. 



Pontoon Bridge— formed across the river Eslar, in Spain, in 1813. 


Kew Canvas Pontoon. 

Captain Fowke, E.B,, has lately (1858) proposed a pontoon, for which he claims the 
following advantages over the cylindrical tin pontoon now in use, viz. ; — Buoyancy 
nearly double ; weight less than half ; length on the march less than half ; first cost 
only two fifths ; hulk, when packed, one seventh ; height of roadway greater ; 
stability greater and side oscillation less ; durability greater and liability to damage 
less, whether from hostile shot, being rolled over stones, or grounding ; bailing out 
simple; weight and number of parts of bridge diminished, and time of formation 
shortened ; capability of being used as a boat. 

The pontoon is flat-hottomed, nearly rectangular in plan, with bow and stern like a 
Thames barge. It consists of stout canvas, waterproofed with boiled oil, stretched 
over a skeleton, formed of seven transverse frames, kept in place by two stretchers 
running the whole length, the space between being left open for bailing, &c. These 
stretchers are passed through holes in the stern transom and the loops on top of the 
frames, into sockets in the bow transom ; the canvas being stretched by means of a 
small screw-jack, and kept in place by keys through the transom and stretcher. 
Canvas is stretched over each frame, thus dividing the pontoon into eight watertight 
compartments. 

Total length of pontoon 23 feet, ie,, body 16' and ends each 3' 6" ; breadth 4' 6", 
tapering to 2' 6" ; depth 2' 8". 

For full description see E. E. Professional Papers, Kew Series, Vol. VIL 81. 

0. E. B. 

POSITION, MILITAHY. — •K Military Position is simply the^xtent of ground 
which an army occupies either for the purpose of engaging with an enemy, or of 
advancing to a combat. 




138 POSITION^ BETEBNCHEB. 

The advmit(^ges wMcIl military positions slioiild possess must have relation to some 
particular object ; and if nature does not supply them, they should be supplied by art. 

The object of a military position must be deemed defensive ; and the natural con- 
seqtuence of the occupation of ground, whether permanently or for the moment, is to 
receive an enemy on the spot selected for the position. 

The qualities necessary are— 1. That the space occupied should he in proportion to 
the number of troops.— 2. That the flanks should be covered hy obstacles either 
natural or artificial, so that an enemy cannot act upon the wings or rear of the order 
of battle.— 3. The field of battle must he open, and permit the movements of the 
troops ; and the roads and openings in rear sufficiently clear to allow them to retreat, 
in the event of the position being forced. — 4. The military features of the position 
should he chosen with such judgment, that an enemy cannot penetrate the line without 
running the risk of being taken in flank, and being beaten by an inferior force. 

These qualities should be considered with reference to whether the army in position 
is for offensive or defensive purposes : if for the former purpose, a ready access in 
front is indispensable, and the means of advance open for offensive operations in 
the latter ease, the ausiiliary defence by field- works should be used as explained under 
the article ‘ Field Fortification ; ’ and if the position be temporary, or likely to be so, 
by the enemy taking another line of offensive operations, when he has the means of 
so doing, the first part of that article will afford the information required how to 
fortify the position suitably to the occasion. 

If the position is occupied for the purpose of covering a country effcetually, so that 
it should he secure during the War, or a frontier or line of country, or the capital of 
a territory, the defensive measures should be adoi3ted as recommended in the second 
part of the article ‘ Field Fortification,’ and in the Appendix to it. 

There axe three good examples applicable to permanent positions worthy of 
attention : 

1. The defence of Provence in the early part ot the 18th century, by Marshal 

Berwick. 

2. The defence of Ardennes hy the Eepuhlican army in 1792, hy General 

Bnmourier. * 

8. The defence of Lisbon hy the Duke of Wellington in 1810, called the ^ Lisbon 

Lines.’ 

One of the most difficult questions is to define the number of troops necessary to de- 
fend a given spot. The position in front of Lisbon, extending upwards of twenty miles, 
was not occupied hy a larger force than that at Waterloo, which did not cover thx'ee 
miles ; in fact, it is a practical one in reference to the nature of the ground, and 
purely tactical. — Q-. G. L. 

POSITION, EETRENCHED,^ 

Ceux qui proscrivent les lignes, et tous les secours quo Tart do ring^nieur pent donner, so 

pi'ivent gratuitement d’tme force et d’un moyen auxiliare jamais nuisibles, prssque toujours 

utiles et souvent indispensables.” 

“ ITntil recent experience, it was ffist becoming an axiom, that an army receiving 
battle in position must be beaten, and that no skill in occupying and strengthening, 
no,r firmness in disputing and maintaining ground, could balance the advantage of 
ffee and concentrated movement, and the moral confidence arising from being the 
assailant. , * 

* From ‘ Memomnda relative to the Lines of Torres Vedras ; Mn ‘ Journals of Sieges/ by 
the late Major-General Sir Jobn T, Jones, E.E. 
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is, however, unnecessarj to revert to past history to show the value of field- 
worhs, as iu the receut battle of Boi'odino, a few simple redans, hastily thrown up to 
cover the left flank of the Bussian position, paralysed for hours two French corps 
d’arm^e, and had neaxdy proved eq[ually fatal to the fortunes of Napoleon as the 
redoubts at Pultowa to those of his prototype Charles, Indeed, -the attack of Dresden, 
which failed in consequence of the assailants being opposed by a slight field retrench- 
ment, and many other events of the recent campaigns, leave no doubt that field-works 
judiciously disposed may still be rendered valuable auxiliaries, even to the most 
numerous and most active armies, 

“To effect this, and apportion works justly to cover a country, or strengthen a 
proposed field of battle, is the most difficult application of the Engineer’s art, being 
subject to no fixed rule, hut merely founded on general principles, requiring to be 
modified on each occasion from an innumerable variety of circumstances, both physical 
and moral, 

“ A just idea of these principles can only be acquired through a knowledge of 
tactics, and of the powers of troops under different orders of formation and movement ; 
which, well understood, can scarcely fail to produce a feeling that works ought in 
every situation to he accessories and aids to the manoeuvres of troops, and never 
principals of any defensive field system. 

“Posting troops to fight a general action, or strengthening the front of an army 
when so posted, are details founded on the foregoing principles, which for the same 
reasons scarcely admit of theoretic elucidation, and the knowledge of them can only be 
fully attained by long service with an active corps. 

“ Considerable insight into such details may, however, he gained by studying the 
principles on which various fields of defensive combat have been occupied by skilful 
Commanders. 

“In these it will he seen that a rooky height, a knoll, a wood, a village, and even 
a single house, have frequently formed the prominent flank or defensive posts ; and 
instances might be adduced where each of the above obstacles have mainly con- 
t}:ibixted to the repulse of the assailants ; and on the contrary, where such posts, 
injudiciously occupied or ill-supported, have led to discomfiture or the loss of entire 
divisions of the defensive force. * ^ ^ ^ 

“There is, however, a very serious obstacle to the employment of the art of 
retrenching positions, which is, that after an army has taken up its ground, and a battle 
becomes inevitable, there is seldom time to throw up works of sufficient sti’ength to 
be depended upon ; and it is scarcely possible, in any moderately open country, to 
select a position to be fortified in advance for the protection of a frontier or a capital 
which an enemy will not find roads to turn and render useless. Thus, in allusion to 
the battle of Waterloo, had the ground been strongly retrenched dux-ing the spring, 
Napoleon would naturally have avoided it by marching on Brussels by the road of 
Hal, and therefore such preparatory labours seem only advisable in peninsular 
situations, or to block up the entry, or dispute the sortie of a mountain-pass, occupy 
the interval between two fortresses, or for some other specific and very limited object. 

“Even in such favourable situations, attention should be directed rather to the 
improvement of natural obstacles than to the erection of artificial lines of defence ; * 
and where works cannot he dispensed with, they should, as far as practicable, be 
enclosed, independent, and capable of defending themselves. Nothing can be more 
vicious than to cover an extensive tract of country with a regular system of bastions 
and redans, as recommended in most Treatises on Field Fortification. Such long 


* See article ‘Field Fortification. » 
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systematic lines of defensire works, “besides the great expense, labour, and publicity 
attending tbeir formation, bare tke serious defect of being of no strength, unless 
equally guarded throughout ; and farther, when attacked, the defenders have, in 
conseq.uence of their flanked trace, to man an alignment of nearly double^the length of 
the front to be defended, and are utterly incapacitated from making any instantaneous 
or powerful forward movement : they therefore necessitate the worst possible dis- 
position of troops for offence or defence, and must be regarded as inadmissible under 
the present system of tactics. Indeed, such long defensive lines, even when most in 
repute, at the end of the seventeenth and commencement of the eighteenth century, 
were invariably forced as often as attacked, and it is difficult to conceive on what 
foundation their popularity so long sustained itself. 

‘‘Field defences, however, are not to be indiscriminately condemned or rejected 
because they are continuous or systematic. In order to strengthen the front of an 
army with judgment, it is necessary to consider every feature and every portion of 
the ground separately, and arrange such mode of occupation as shall best combine its 
particular defence with the general defence of the position. Thus, in parts unfavour- 
able for manoeuvring, it may be advisable to form a continued line of considerable 
extent, covered with every nature of obstacle, and having none but the most confined 
outlets, on the principle that a range of difficult heights would be scarped, or low 
gi-ound inundated, to lessen the number of men on those points, and leave a super- 
abundance of force for other points favourable for offensive movements. Again, since 
the employment of artillery in masses has been introduced, and that an irresistible 
fire, sometimes of hours’ duration, now invariably precedes tbe advance of the columns 
of attack, it will frequently prove a good measure, in situations where natural cover 
cannot be formed from a cannonade, to create it artificially between all the prominent 
defensive posts.* Thus, each furlong of ground being duly considered, and the nature 
of defence best adapted to the locality being formed, the whole front of an army may 
occasionally be covered with lines of works, which, while they augment its defensive 
powers, leave its movements perfectly free. 

“ Continuous lines, of the short extent of a mile or two, may frequently be resorted 
to with advantage, in situations where the flanks can be naturally or artificially 
secured, as on a river or a fortress. 

“Such lines, in communication with a fortified town, when composed of fronts of 
fortification or other flanked trace, and made of a profile not to be assaulted, are well 
suited to facilitate the defensive manmuvres of an inferior army, and also to augment 
the defensive powers of the fortress itself, by occupying important tracts of ground 
which could not be included witliin the permanent works. In such cases they are 
usually denominated Ketrenched Camps, f under which character thej’’ form a medium 
of defence between field-works and permanent fortifications, which can be resorted to 
on any presring emergency arising from defeat, and may be generally recommended by 
an Officer without hesitation ; for if it be not convenient to man them fully, their 
evacuation, after a show of resistance, neither compromises the retreat of the defenders, 
nor detracts from the original strength of the fortress. 

“Experience affords many proofs of positions of two or three miles length of front, 
which could not be turned when retrenched on a field profile, being capable of an 
excellent defence. * * * * * 


* **This might be effected by means of a sunken trench, like a parallel at a siege, made to 
connect a whole chain of redoubts. Such an expedient would cover infantry from the fire of 
guns wifcboub impeding their forward movement in line, and openings might be left for the 
advance of the cavalry and artillery, or they might act in masses on the flanks.”— 

t See ‘ Camp, Intrenched/ vol. i. and Plan. 
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“ It is apparent, liowever, tliat isolated and nnsiipported field positions of tHs 
nature, retrenched on a field profile, "besides being liable to be turned, and the 
defenders shut up as in a trap, and made prisoners, partake of all the defects of 
longer continued lines in proportion to their extent, and are iu the same proportion 
objectionable. 

“None of these objections to continuous Hues, ho'wever, apply to retrenchments 
formed of enclosed and isolated works, each capable of a good resistance, as the 
intervals between them do not require a line of supporting troops ; and after furnishing 
garrisons for the works, the army may remain in masses, sheltered from cannonade by 
some irregularity of the ground near the summit of the heights ; orif such he not 
found, on their reverse, immediately below the crest, ready to move in comp)act and 
formidable bodies on any menaced point, or form into line or manoeuvre on the posts 
taken up, so as best to parry the efforts of the assailants. 

“ It seems to be an indispensable condition of such field-works in aid of an army, 
whether prepared at leisure or during active operations, that they he of a profile and 
capability of defence to resist an assault, —that they he securely closed in the rear, 
placed sufficiently near to and so disposed as to flank each other, and armed with 
sufficient artillery to prevent heavy columns passing between them without being 
throwm into disorder from severe loss ; or else made of a size to contain a force likely 
to prove formidable to the rear of a column which should venture to pass them. In 
this case, indeed in all cases, the outlets from, and intervals between works, should 
give every freedom for the movement of troops compatible with seourity from assault 
or being passed. 

“ On this point it may be as w^ell to observe, that detached enclosed works, in front 
of an inferior army acting on the defensive, ought to be regarded as vital points, per- 
forming certain functions of themselves, and their garrisons be considered as integral 
parts of the works, destined to share their fate — to triumph or fall with their post, 
and not as portions of the army to be protected and withdrawn. Under this view, 
the defensive corps being left unshackled in their movements, and their part being 
confined to the discomfiture of the enemy, they will he prepared to seize the favour- 
able moment, and advance to the attack when the redoubts shall he most warmly 
engaged, or their fire have thrown the assailahts into confusion ; so that to derive full 
benefit from works, as much judgment is required iu posting and manoeuvring the 
force to be strengthened, as in placing the works themselves. 

“This leads to a consideration of the just proportion between the garrisons of 
detached w'orlvs and the army they cover, and also of the length of front along which 
works may be allowed to extend for given numbers of men. On the first point it may 
be observed, that the better the troops composing the defensive ai*my, the fewer 
should he the works, for it can seldom he advisable to confine any considerable body 
of a manoeuvring and steady force in an enclosed work, unless it be the key or main 
support of a position ; but when an army is composed in great part of ill-disciplined 
and unsteady troops, artificial defences can scarcely be ’too numerous. 

“ The extent of front which works may cover need in strictness only be Hmited by 
the power the army possesses of succouring, in suMeient time, any and every work 
that may he pressed, so that a ready or difficult communication will frequently decide 
the eligibility of occupying a distant point ; but as strength is invariably gained by 
concentration, no ground should be occupied that is not intimately connected with 
the main object of defence, even if invitingly convenient. On this head no hettei* 
rule can he follo’wed than to inquire, previously to occupying any point, whether it 
be essential to the support or safety of the main body of the army ; and on each 
occasion an Officer must exercise his judgment to modify and turn local circumstances 
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to advantage on the tincliangeable basis of science. It cannot, however, be too 
strongly borne in mind by those planning defensive expedients, that troops are the 
principals, works the accessories of defence, — that the latter must invariably be 
dependent on and limited by the fox’mer, and consequently that every point super- 
fluously retrenched is an unnecessary source of distraction and division of force. 
Pield- works can never without hazard he left to their own garrisons ; and reverting 
to the Lines of Torres Tedras, which would seem to warrant the creation of an 
unlimited number of defences, it may he confidently predicted that any Commander 
not possessing the utmost* promptitude, decision, and skill in manceiivring troops, 
■^ho, trusting to that example, shall attempt to defend against a superior, or even 
equal force, a tract of four-and-twenty miles of country as a fortified position, will 
infallibly be beaten ; and that an Engineer vdio should, on any ordinary occasion, 
copy the extended system of isolated redoubts and retrenchments practised in front of 
Lisbon, would, instead of adding to the strength, altogether cripple an army. 

^‘But whenever, by the foresight and skill of the General, and the exertion of the 
Engineer, the arrangements of the troops and works shall be in happy unison, and a 
defensive army well posted shall have its front covered with works constructed on 
Just principles, its force will be incalculably augmented, and its defeat rendered 
almost impracticable. Even a few works, thus judiciously disposed on the prmcipa! 
features of the ground, or to sweep the approaches, could not fail to add materially 
to the powers of movement and resistance of a defensive force ; as will frequently 
the most trifling efforts of labonr, such as loopholing buildings, barricading streets, 
blocking ujx or opening communications, destroying bridges or roads, or the fords of 
a river, felling abattis, forming emplacements for field-guns, or the slightest cover 
from cannonade ; and an active and zealous Engineer will generally find opportunity 
on the eve of a battle to strengthen, by some of these various labours, the fronts and 
flanks of a defensive force, 

fs . <‘In making this statement, it is not forgotten that since the improved organisation 
of armies has given them an increased facility of movement, and a consequent celerity 
and boldness of enterprise, placing legs almost on an equality with arms in war, time 
is rarely allowed to a defensive force for perfecting defensive expedients ; but this 
consideration, so far from being deemed to excuse the attempt, should only stimulate 
an Engineer to increased exertion. * * * The most simple exercise 

of his art will occasionally prove its paramount utility ; and as it not imfrcquently 
occurs, even after hostile armies come into view, that days pass in reconnoitring or 
preparation for attack, who can say on such occasions to wdiat extent activity and 
intelligence may not gain artificial strength for a field of defensive action, and 
consequent character and reputation for an Officer * 


PRISONS, MILITAEY : biscirlinb AND^ MANAGEMENT, t— The 
question of Military Imprisonment having engaged much public attention dui'ing 
previous years, was very fully inquired into by Commissioners appointed for the 
purpose in 1835 and 1886 : little, however, was done at the time to give effect to 
their recommendations ; but the late Lord Hardinge, on assuming office as Secretary 
at War in 1842, proposed to his Grace the Commander-in- Chief that a Committee 
should be appointed to investigate the subject, and report their opinion on the means 


* See article * Forblficatioii, Field,’ vol. ii, 

t By Major-General Sir Joshua Jebb, K.C.B., Royal Engineers, Inspector-General of Militar 
IMsons. ■ " 
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of carrying into effect a regular system of Military Imprisonment as a substitute for 
tlie general infliction of corporal punishment. 

A Committee, of which Lieut. -General Earl Cathcartwas President, * was appointed 
accordingly, and received their instructions from Sir James Graham, Secretai'y of 
State for the Home Department. The chief points to which the attention of the 
Committee was directed were the following : 

"Whether it might not he desirable to mature for the future a permanent scheme as 
regards the establishment of prisons, in which militaiy offenders alone shall be confined, 
and in which they might he subjected to the discipline and punishment best suited to 
their military habits, and to the nature of their offences. 

Whether any and what changes were required to he made in the Mutiny Act, with 
reference to this subject. 

Whether, without any change in the law, a system of military punishment might 
not he laid down which would adapt itself to the greater portion of the cases of 
soldiers sentenced to confinement for military offences. Whether drill, hreahing 
stones, or other hard labour, might not be substituted for confinement in civH gaols. 

The Committee were to report upon the nature of the confinement, the system of 
drill, the hard labour, the diet, the clothing, the bedding of the prisoners. They 
were also to take into their consideration the powers to be given to the Officers 
in charge to repress refractory and insubordinate conduct amongst the prisoners, 
whilst undergoing their sentences ; and who in their judgment should be invested 
with the superior powers of Visiting Justices, and exercise superintendence and 
control. 

The Committee commenced their sittings early in the spring of 184-1, and continued 
them till the end of June in the same . year. Their views on the means of effecting 
the proposed objects were as follow : 

With reference to the provisions to. he made in the Mutiny Act for establishing 
Military imprisonment, clauses were proposed for empowering the Secretary at War 
to establish military prisons, and appoint visitors and officers, &c., and to confer 
upon him generally the same powers that are vested in any of Her Majesty’s 
principal Secretaries of State, with respect to civil prisons. Another clause was 
proposed for the purpose of giving to the Superior Officer in command, whose duty it 
might be to confirm the sentence of a court-martial, the power, which he did not 
previously possess, of selecting the place, whether a civil gaol or a military prison, in 
which the offender should he confined, and from which he might at any time 
remove the prisoner, in order that the prisoner might undergo the remainder or any 
part of his sentence in some other public prison or place of confinement : hence- 
forward, therefore, courts-martial do not, in their sentences, notice the place of 
imprisonment. 

With reference to the question of establishing prisons in which military offenders 
alone might he confined, and in which they might he subjected to the discipline and 
punishment best suited to their military habits and the nature of their offences, the 
Committee took into consideration the minnte of Sir Henry Hardinge, dated the 24th 
of Maj'*, 1842, the Keport of 1837 of the Home Inspectors, and the opinions of various 
military authorities referred to in these and other documents; and they thus 
expressed their opinion That assuming, m limine, the concession to public 
opinion of the general disuse, though not total abolition, of corporal punishment, and 

The following were the members of Lord Cathcnrt’s Committee : Colonel Grant, com- 
maiidiiig Grenadier Guards; Colonel Godwin, late commanding 41st Regiment J Majo 
J ebb, B. E., Surveyor-General of Prisons ; Rev. Hi NiMll, late Chaplain of MiHhank Penitentiary 
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feeling tlie insuperable difficulty of devising any new satisfactory penalty, repressive 
of crime in tbe Army, tbe Committee considered tliey bad no alternative but a choice 
between civil and military prisons, and they could not hesitate to prefer the latter, 
and to come to a decisive conclusion in favour of a permanent scheme as regards the 
establishment of prisons exclusively for military oiffenders.” 

They go on to say, that in considering the subject genei’ally, there were two species 
of punishment to he provided for, viz., solitary confinement, and imprisonment with 
hard labour* 

In reference to the former, they did not propose any change in the principle of the 
existing law, hut merely suggested an amendment which was incorporated into the 
Mutiny Act, for enabling courts-martial to sentence prisoners to solitary confinement, 
(not only, as formerly, to periods not exceeding one month at a time, or three months 
at different times with intervals of not less than one month,) but also for sJiorier periods, 
with intervals of imprisonment with hard labour of not less duration than the periods 
of solitary confinement. 

Glassification of Priso7iers . — With respect to sentences of imprisoinnent with hard 
labour, or mixed sentences involving periods of hard labour alternating with solitary 
confinement, the Committee recommended associated labour under a rule of silence in 
preference to wbat is tecbnically called ^ the Separate System,’ but upon this they 
grafted a principle of classification to which they attached considerable importance. 

To any one conversant with the operation of this principle in ordinary prisons, and 
with a knowledge of its having been repudiated by the best authorities on pnison 
discipline, it will at first sight appear extraordinary that the attempt should be made 
to revive it in military prisons. It is necessary, therefore, to explain that ckmifica- 
tion under the Graol Acts is based upon the adme for which a prisoner happens to be 
sentenced, by which any one frequently re-committed for different offences may find 
himself alternately associated with felons or misdemeanants, or others, as the case may 
be : this afford? no moral standard by which to make a classification, and therefore 
leads to much practical evil. 

The classification recommended by the Committee, on the contrary, is based upon 
character', and will he best understood by the following rule : 

‘‘ The Governor will hear in mind that the object of classification is, first, to protect 
the young soldier, and the less hardened offender, from the mischievouB consequences 
of association with worse characters ; and secondly, to hold out an inducement to all 
the prisoners to behave well in prison, by the hope of reward and the fear of punish- 
ment, in being either promoted to a higher class, or degraded to a lower one. In 
applying this principle, the worst characters, such as have been convicted of ‘ dis- 
graceful conduct,’ or who may appear to be confirmed drunkards, or incorrigible and 
hardened offenders, and prisoners who have ever been subject to corporal punishment, 
would obviously be placed, on reception, in the third class. 

“Those prisoners who do not come under this description, and of whom better, 
hopes may be formed, will, as an invariable rule, be placed, on reception, in tbe 
second class; but the Governor will exercise his discretion in making an early 
selection for promotion to the first class of any prisoner, who, from the nature of his 
offence, and previous good character, appears deserving of such distinction, or who, 
from his youth or other circumstances, requires to be protected from the bad effects of 
associating with worse cbaracters. 

W: first class shall be composed of those prisoners who, from their quiet, orderly 

habits and general good conduct under punishment, may appear deserving of being 
promoted from the second classj after some experience has been gained of their 
characters. 
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‘‘ In like manner, prisoners in the third class will, by good conduct, he eligible for 
promotion to the second class. 

Prisoners in either the first or second classes will also be liable to be remoYed to 
a lower class for misconduct. 

“ The classes will be distinguished by badges marked as first, second, or third class, 
attached to some conspicuous part of their prison-dress.’* 

The difference in treatment between the first and second classes is, that the former 
are generally exempted from shot-drill, and, during the hours prescribed for that 
exercise, are employed under a warder of the Royal Artillery in working heavy guns, 
or in labour not of a penal character. They have also a meat dinner on Sundays, and 
the silence enforced on other classes during the evening is relaxed, and they are 
permitted to converse in an orderly manner. 

The distinction between the second and third classes consists in the former being 
exercised with 24Ibs. shot, while the latter carry 32Ibs. shot. The second class also 
receive school instruction from 6 to 8 o’clock in the evening, whilst the third class are 
employed in picking oakum. 

These distinctions between the classes may appear trifling, hut experience has 
shewn, hy the endeavour that is generally made to obtain the advantage of promotion 
to the higher class, that they possess the required influence. 

Ufard Labour . — ^With respect to hard labour, the Committee were of opinion that 
it was an object to avoid any description of labour or exposure which had a tendency 
to degrade the soldier. With this view they objected to tbe use of the tread- wheel, 
and to the employment of prisoners in gangs outside the prison ; and in lieu of these 
ordinary methods of enforcing sentences of hard labour, they proposed piling and 
unpiling heavy shot, knapsack drill, working heavy guns, or other such employment. 

Diet , — ^With respect to diet, it was recommended that it should he such as would 
maintaiu the prisoner in peiffect health, so that on rejoining his corps, he should be 
fit for immediate duty. They, however, strongly urged their opinion that no coinfort, 
not essential to health, should he allowed, and that a prisoner should he made to feel, 
during the whole period of his confinement, that his state, and condition was, in all 
respects, much worse than when doing duty with his regiment. 

Governor and Subordinate Officers,-^ On the subject of the officers to be appointed 
to the charge of the Military Prisons, the Committee were of opinion that, “ consider- 
ing the extent of the prisons, the power to he vested in the chief Officer, and his 
responsibilities, the Governor ought to he a Commissioned Officer ; and that an 
Officer possessing the qualifications of a good Adjutant would he the most suitable for 
the situation.” 

They conceived it to be an object to retain the advantages of that chain of respon- 
sibility which exists in the Service, and therefore recommended that the chief warder, 
or second in command, should he of the grade and possess the qualifications of an 
. effective segreant-maj or ; that the warders should he of the grade of colour-sergeants ; 

and their assistants of sergeants and corporals to be taken from the Pension List. 

Visitors or Governing Rodies.— -With respect to the general superintendence of the 
military prisons, the Committee suggested that visitors should be appointed by the 
Secretary at War, and a power to that effect was given by the Mutiny Act. 

They were of opinion that the following Officers would he suitable as visitors to 
Military Prisons : — 

V Tbe General, or the Officer commanding tbe district or station ; 

The Assistant Adjutant- General ; 

The Assistant Quarter-master-General, Or the Brigade-Major I 
The Garrison Chaplain ; 

TOR ''IIL :■ ", t* 
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ITlie Principal Medical 

The Commanding or Pield Officers of regiments or corps in the district or 
station for the time being ; 

and such other persons as the Secretary at War might appoint. 

JDurafiGn of Imprisonmentf mid JSxpen^ reference to the duration of 

imprisonment, the Committee ohseryed, that nnder the law as it then existed, district 
and general oonrts-martial had an nnlimited power with respect to the periods for 
which they might award imprisonment, (excepting in the case of solidary confinement,) 
and that the effect was sometimes to extend a man’s imprisonment, and consequently 
his absence from duty, to one, or even two years* It is very generally admitted that 
the punishment of imprisonment, if too long protracted, loses much of its mora 
effect, from the prisoner’s becoming callous to his situation, and no snffioient advan- 
tage is therefore gained to compensate for the evil of his being so long absent from 
his regiment. The Committee therefore recommended that the actual detention of a 
soldier iii prison shonld not es:oeedsix months, except by sentence of a general conrt- 
martial. 

On the question of the expense of maintaining the Military Prisons, the Committee 
stated their opinion, that the saving accruing from the stoppage of the soldiers’ pay 
might probably cover the whole expense of carrying into effect an improved system of 
discipline, which could not fail to be of advantage to the Service. 

MegmmtQl in Garnm or BarracJ:: Celts, — ^With respect to the 

very important question of regimental imprisonment in garrison or barrack cells, the 
Committee strongly urged the expediency of establishing some efficacious means of 
repressing, by salutary punishment, those minor offences, which, for want of due 
coercion, prove in numerous instances the precursors of more serious delinquency, 
and stated their opinion that the power then possessed by Commanding Officers of 
regiments was inadequate for the purpose. With this view they strongly recom- 
mended that a proportion of properly constructed cells should immediately be pro- 
vided at every barrack station in Great Britain and Ireland j that provost-sergeants, 
selected from the effective strength of the respective corps, shonld he appointed in 
every regiment, to take charge of the priaonei’S in the cells, and to he otherwise 
employed, under the orders of the Oommanding Officer, in the police duties of the 
barracks ; and that Oommanding Officers should in future have the power to imprison 
soldiers, on their own authority, for minor offences, for a period not exceeding wen 
days, accompanied by a stoppage of pay, with the exception of a sura not exceeding 
fid. a day to be drawn for subsistence. They observed with reference to the stoppage 
of a soldier’s pay when undergomg imprisonment by order of a Commanding Officer, 
that it was justified on the equitable principal, that when a man by misconduct dis- 
qualifies himself for the performance of duty, he cannot justly claim that pay to which 
the performance of duty can alone entitle him. 

The Committee, at the same time, drew up a set of rules specially applicable to 
soldiers undergoing regimental imprisonment in the barrack cells, and for the guidance 
of the provost-sergeants in the performance of their duties. 

They also recommended that sentences by courts-martial for periods not exceeding 
forty-two days, should be carried into effect in the proposed barrack cells ; but that 
all prisoners sentenced to longer periods of confinement should undergo their punish- 
ment in the district military prisons, where a more suitable staff, and a more 
corrective and reformatory discipline, could be maintained, than it would be possible 
to establish in very small prisons. 

Encowagem^nt to Well- conducted Eoldiei's* — ’The Committee offered their opinion 
upon this important subject in the following terns : . 
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‘*Tlie eB.cotirag6iiCLeii.t of tlie ■well-coadticted soldier is no less conducive to tlie good 
order of the Service than the punishment of the had. With a view to this object, the 
Committee would recommend, that every soldier who has heen actually serving and 
doing duty with his regiment in the ranhs, shall, at the expiration of nineteen years 
of uninterrupted good conduct, and heing in possession of two good-conduct badges, 
and the additional pay corresponding thereto, of which he has never heen deprived for 
any misconduct, he entitled to all the privileges now enjoyed by a Waterloo man ; 
namely, to have two years added to his service, and the immediate benefit of this 
addition as respects his receiving the third good-conduct distinction and pay, which 
would otherwise have been due only after twenty-one years’ service, and prospectively 
as it will affect his claim to additional pension on discharge.” 

Steps taken for estaUisMng Military Pfesons.^The foregoing were the chief recom^ 
mendations of Lord Cathcart’s Committee, and instructions were immediately issued 
by Sir Thomas Freemantle, who had succeeded Sir Henry Hardinge as Secretary at 
War, for giving effect to them. Arrangements were made for converting Fort Clarence 
at Chatham, Southsea Castle at Portsmouth, and a portion of the extensive Ordnance 
Stores at Weedon, into three district Military Prisons ; and as soon as the necessary 
works could he completed under the direction of the Royal Engineer Pepartment, 
officers were appointed, and the prisons were occupied. 

A large block of gamson cells having heen previously erected at Devonport, was 
subsequently converted into a Military Prison, and four prisons were thus established 
in England. ' 

The hospital attached to the barracks at Greenlaw, near Edinburgh, was at the 
same time converted into a Military Prison for Scotland. 

With respect to Ireland, the then existing Provost Prison at Dublin, the prison at 
Limerick, which had been brought into a very effective state under the direction of 
Colonel Mansell, and the cells at Cork and Athlone, were brought under regulations 
issued by the Secretary at War, and established temporarily as Military Prisons for 
Irffiand. ' 

Preparations were at the same ‘time made for converting the black holes and dry 
rooms attached to most guard-rooms into cells of a size and construction proper for 
the enforcement of a regimental system of imprisonment, under regulations issued by 
the Commander-in- Chief. 

Suitable quarters for a provost-sergeant were added to the blocks of cells which 
had been built. Others were erected on an improved and more economical principle 
of construction; and means were thus afforded in a comparatively short time, for 
giving effect to the provisions of the Mutiny Act, as regarded regimental imprisonment| 
and the increased power conferred upon Commanding Officers. 

Gfenefctl Statistics , — ^The Military Prisons at home are the following 

■—•Chatham, Gosport, Weedon, Devonport, Aldershot, 

Greenlaw, near Edinburgh. 

JrcZaw^.-— Duhlin, Cork, Limerick, AthlOne, 

In ail, ten prisons in the United Kingdom. 

At foreign stations, the following prisons are established f 

Gibraltar, Quebec, Halifax, Barbados, Bermuda, Mauritius, Vido for, the Ionian 
Islands, and St. Elmo at Malta. 


X ^ 
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The following are tlie piincipal statistics of the Military Prisons at Lome, omitting 
Aldershot, for the seven years ending 1855 : — 


Total number of pri-i 
soners admitted . . j 

Proportion per cent, of] 
those admissions to 
the force . . . J 

Daily average number' 
of prisoners in con- 
finement throughout 
the year 

Proportion per cent, of 
the average numbers 
in confinement to the 
force . . . 

Average length of sen- 
tences . . . 

Punishments inflicted 
by Visitors for serious 
offences, , 

Corporal punish- 1 
ments . . . ^ 

Sentenced to soli-1 
tary confinement j 
Sentenced to sepa- i 
rate confinement ; 
Sentenced to be put ' 

in irons . . , 


ITo lashes 


The following is a statement of the ages, services, . eonntry, and religion of the 
prisoners admitted in the years 1849 to 1855 inclusive ; — 


Ages. 

Under 20 years . 
Prom 20 to 30 years 
,, 30 to 40 years 
Above 40 . 


Services. 


2 years and under 
Under 7 years 
Prom 7 to 14 years 
,, 14 to 21 years 
Above 21 years . 


COTJNTRT. 


English 
Scotch 
Irish , 


Professep Religion. 


Protestant . 
Presbyterian 
Roman Catholic 


1849. 

1S50. 

1851. 

1852. 

1S53. 

1854. 

3,533 

3,565 

3,266 

3,313 

3,331 

3,307 

6*36 

5 06 

4-66 

4-57 

4-47 

4-78 

750 

659 

550 

543 

570 

504 

1-13 

0-93 

0*78 

0*74 

0-76 

0 73 

99 days 

94 days 

95 days 

92 days 

92 days 

87 days 

11 

550 lashes 

11 

495 lashes’ 

6 

300 lashes 

6 

250 lashes 

d ! 
238 lashes 

4 

125 lashes 

15 

15 

10 

s 1 

17 i 

10 

33 

' 20. 

6 

9 ^ 

9' '1 

4 

2 

6 

1 

1 

2 

1 1 

1 


1849. 

1850. 

1851. 

1852. 

1853. 

1854. 

575 

386 

317 

350 

621 

962 

2,446 

2,585 

2,415 

2,344 

2,189 

1,937 

482 

565 

504 

580 

487 

395 

30 

29 

30 

39 

34 

13 

3,533 

3,565 

3,266 

3,313 

3,331 

3.307 

986 

761 

531 

651 

986 

1,580 

1,554 

1,656 

1,669 

1,531 

1,291 

884 

798 

928 

849 

841 

813 

636 

171 

209 

200 

260 

211 

193 

24 

11 

17 

30 

30 

14 

3,533 1 

j 

3,565 

3,266 

3,313 

3,331 ; 

3,307 

1,873 1 

1,992 

1,840 

1,787 

1,902 

1,817 

405! 

316 

313 

; 476 

424 j 

342 

1,255 

1,257 

1,113 

; 1,100 

1,005 : 

1,148 

3,533 

3,565 

3,266 

3,313 

I 

3,331 

3,307 

2,121 

2,260 

2,063 

1,977 

1,937 

2,028 

325 i 

, 25$ j 

246 

391 

468 

247 

1,087 

1,047 1 

957 

945 

926 

1,032 

3,533 

3,565 

3,266 

3,313 

3,331 

3,307 
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followin is a statement of the expenditure on account of tlie 
Military Prisons during tlie eight years ending 1855 ; — - 



Effects of the JDisdpUne^^'B.mng adverted to the principle as well as the details of 
the discipline enforced in the Military Prisons, and brought forward such facts as wiil 
throw a light on the general operation of the system, I would observe that, so far as 
an opinion can be formed of the state of discipline in the army by the amount of 
punishment, the results exhibited in the first return inserted at page 14-8 are encou- 
raging and satisfactory. 

The facts may be thus stated ; — In 1843 the number of soldiers imprisoned at any 
one time under sentence by courts-martial in civil prisons, exclusive of those who 
might he in confinement by order of Commanding Officers, were in the ratio of 20 in 
1 , 000 . 

In the five years from 1847 to 1851, after the Military Prisons were brought into 
operation, the average number in confinement, including also those in barrack cells, 
by order of Commanding Officers, amounted to little more than 14 in 1,000. During 
the following three years, from 1852 to 1854, the number was still further reduced to 
about 11 per 1,000, In 1855 it was only 7 per 1,000, but this falling off may be 
attributed to the bulk of the army being in the East. 

The diminution in the number undergoing imprisonment for serious offences is the 
more deserving of attention, when it is remembered that this mode of dealing with 
military offenders has almost superseded corporal punishment. 

Discipline . — The discipline now in force in the military prisons is in all respects in 
conformity with the recommendation of Earl Oathcart’s Committee, and has, on the 
whole, worked in a satisfactory manner. In reviewing the subject, it will be seen 
that, by the prompt measures taken by the Secretary at War for giving effect to the 
Beport of the Committee, the practice of committing soldiers to civil prisons soon 
became almost unnecessary. The gaols were thus relieved from a serious and incon- 
venient pressure j the soldier was not degraded by being placed by the side of a felon, 
and taunted by him as being on the same level ; he was also spared the public expo- 
sure of being, committed to a common house of correction, and at the same time was 
subjected to an effective punishment better adapted to his habits, and more likely to 
secure the objects for which he was sentenced. 

Another great advantage was gained. The system of discipline in all Military 
Prisons is perfectly whereas, when prisoners were indiscrimmately com- 

mitted to civil prisons, there was the greatest uncertainty as to the degree and nature 
of the punishment which would be inflicted. But few pnsons could be selected in 
the whole country where uniformity of discipline prevails. In some, the greatest 
strictness and severity is found, in others, the greatest mildness and laxity ; in some, 
the strictest separation, in others, the most unrestricted and contaminating association ; 
nothing, in fact, being so different as the degree of punishment inflicted in different 
prisons. The means of maintaining discipline, therefore, so far as it depended upon 
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framed has heea to repress crime in the Army, oy creating a saiiitary dread of a 
prison ; and subordinate to this object ha| been the preTention of the repetition of 
crime by the same individual in the endeavour to reform hi m . 

It will be admitted by all, that punishment and reformation are the main objects of 
penal discipline, and the question to be considered is, the due adjustment of these 
elements. 

In the routine of discipline which has been established, the prisoners are under 
strict superintendence and control, from 6 o’clock in the morning till 8 o’clock at 
night, and have a fair share of hard labour to perform, consisting of shot exercise, 
drill, picking oakum, breaking stones, &c. In those prisons where separate ceils are 
provided, each prisoner takes his meals alone and sleeps in Ms cell. In other prisons 
which were converted from existing buildings, the prisoners are associated at meals, 
and sleep in large rooms or bomb-proofs, but night and day they are under close 
supervision, and the strictest silence is maintained on ail occasions. 

If this routine he compared with the ordinary discipline of civil prisons, it will be 
found that although the hard labour is of a less degrading character, it is fuUy as 
severe. 

As regards the reformation and welfare of a prisoner, the Governors are enjoined 
to bear in mind, that the cMef object of establishing a prison exclusively for military 
offenders is to maintain discipline in the Army ; and as punishment alone can hardly 
be expected to produce this effect, he should consider it his duty to endeavour to instil 
soldier-like and moral principles into the mind of every prisoner, letting him see that 
he takes an interest in his welfare, and, by his good advice and kindly admonition, 
endeavouring to convince him of his error, and to encourage him to aim at future 
good conduct, and the attainment of a respectable character in the Service. 

The Chaplain also is directed to endeavour, by all the means in his power, and 
pariicularly by encouraging their confidence, to obtain an intimate knowledge of the 
character and disposition of all the prisoners : for which purpose he shall occasionally 
see and converse with every prisoner in private; and whenever he shall wish to 
instruct or examine a class of prisoners, he shall apply to the Governor. He shall 
establish an evening school, and frequently attend and examine the prisoners as to 
their progress, and give directions concerning their instruction ; and he is expected to 
allot a considerable portion of Ms time to visiting, admonishing, and instructing the 
prisoners in their cells and rooms. 

Among soldiers, as in all other bodies of men, there are to be found reckless and 
incorrigible characters, who can neither be subdued by punishment, nor encouraged to 
good conduct by kindness and forbearance ; and it is very generally admitted, that 
repeated and lengthened terms of imprisonment fail in their effect with such men from 
their becoming habituated to the confinement, and thus ceasing to have any dread of 
it. During long periods of confinement there is also a great loss of service, a constant 
additional duty is thrown on the well-conducted soldier, and discredit is brought upon 
a regiment by the misconduct of, it may be, a very few men. Such characters are 
worse than useless in the Service, and it is the opinion of many officers, that after 
repeated trials, they should be inarked so as to prevent re- enlistment, and then be 
discharged. 

The advaMage of this course, in the cases of hardened and incorrigible characters, 
cannot be doubted ; for whatever expense may have been incurred in training the 
soldier, no service is afterwards rendered to compensate for it. On the other hand; 
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however, it inTist not be forgotten, that if the discharge of all such men were to 
become an established practice, and that great facilities for getting rid of them were 
afforded, it might operate with some as an inducement to commit crime with a view 
to obtain a discharge. 

Several Officers have expressed their opinion, that the discipline of Military Prisons 
is not sufficiently stringent and severe j that the comfort of the prisons, the facilities 
for cleanliness, the good diet, the bedding and warm clothing, and the advantages of 
being every night in bed, contrast favourably with the discomfort of many barracks 
and half-billet stations, and with the onerous duties, especially during inclement 
weather, that fall to the lot of soldiers serving with their regiments : others, who take 
a warm interest in the welfare of the indwidmlj would advocate less hard labour and 
more instruction. 

This question is of paramount importance. In considering it, however, it is 
necessary to keep in mind the different objects which are to be attained, in order that 
we may not lose sight of their relative proportions, and be carried away with the one 
idea of either punishment or reformation. 

The repression of crime by corrective discipline depends mainly on the punishment 
operating widely as an exam^de, and thus exercising a deterring induence on others, 
and in a minor degree by the individual himself being deterred from future offence 
from fear of the consequences, or by his being so reformed that he ceases to commit 
crime from a better motive than that of fear. 

The first of these objects will be promoted by carrying into effect a system of 
discipline known to be of a severe and stringent character, such as will make men 
prudently resolve to keep clear of it if they can. It should also dwell on the memory 
of one who has once been subject to it, as a disagreeable and certain consequence of 
crime, and thus tend to prevent its repetition. 

. At the same time, however, that a severe discipline with more extended objects is 
maintained, there can be no doubt that efforts should be made to prevent the repetition 
of crime by an endeavour to reform the individual. 

With the few hardened reckless characters that are to be found in every reglmeut, 
reformation is a very hopeless task ; but with young soldiers under two years’ service, 
and with many under sentence for ‘desertion* and ‘absence without leave,* (and 
these constitute the majority,) such a course cannot fail to have its effect. 

Among other things, it has been suggested, that it would be of advantage to turn 
the labour of the prisoners to account, by placing it at the disposal of the Engineer 
department, or using it for garrison purposes, in rolling and weeding parades, keeping 
the roads and drains in order, &g., instead of wasting it upon such unproductive 
labour as removing shot. This question, however, can only be considered in connect* 
tion with the object of imprisonment. If crime could be repressed, and a prison be 
made an object of aversion and dread by giving prisoners the ordinary occupation to 
which they had been accustomed either before they enlisted or during their service, 
there would be everything in favour of applying their labour to some useful purpose j 
but it will be in the experience of all who are practically acquainted with the subject, 
that no ordinary occupation can be enforced to the extent of hard labour as con- 
templated by the sentence of the Oourt, or so as to he an effective punishment. It is 
not the value of the labour, but the question of whether it is adapted for promoting 
the main object of the sentence, which should be considered, and, as far as I am 
enabled to form an opinion, no labour will be found so productive in prisons as that 
which is calculated to deter others, and the individual liimself from subjecting them- 
selves to it. The main object cannot be accomplished by amusing prisoners by such 
employment as will only serve to lessen the tedium of their confinement* - 
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Oe a careful consideration of the subject, I am not prepared to advocate a more 
lenient system of prison discipline for the repression of offences in tlie Army, because 
I consider it would fail in its object, and be, in the end, tbe least merciful course that 
could be pursued. All Officers of experience agree that tbe sentence on military- 
offenders should be short, and if the punishment is to have a deterring influence on 
others, or on the individual himself, the discipline, during periods which do not in 
general exceed six months, must be of a severe character. During long periods, some 
relaxation in favour of instruction may perhaps safely be admitted, and at all times 
efforts to reform must be made; but I am satisfied of the necessity of preserving under 
all circumstances, the general prestige of a severe punishment, either hy the length of 
the period of confineinentj or the stringency of the disdj^Une, 

Under a system calculated to inspire a certain degree of dread in the minds of 
soldiers, it may fairly be anticipated that many would be deterred from committing a 
crime, the detection and punishment of which was certain; and, during short periods, 

I should he inclined to place far more reliance on such a system in preventing the 
repetition of crime by the same individual, than on the effect of the better feelings 
and resolutions which might result from a system in which persuasion and compulsory 
education were the leading features. The one would operate widely on every man in 
the Service ; the influence of the other, even under the most favourable circumstances, 
would be confined to the few individuals who may be subject to imprisonment, -who, 
during an entire year, including recommittals, do not exceed 5 per cent* 

It would surely be considered a great mistahe to tamper with punishment, if it be 
designed to have any effect at all on crime, for the sake of the possible effects of 
leniency on so very small a proportion. 

There appears, however, to he a tendency, at the present time, to take a very 
benevolent view both of crime and its consequences, and to hold exemplary punish- 
ments very cheap. Without entering into the various opinions that may prevail on 
such a subject, it seems reasonable to expect that, assuming simple imprisonment as 
the basis of discipline, it will be dreaded in proportion to the penal inflictions which 
may he given in addition, and cease to be so as they give place to the introduction of 
employment and instruction. 

J, JsBB, Colonel) Inspecior-Ceneral of Military Prisons^ 

EXPBAHATIOIT OF THE BLAIBS. 

Plate I. represents the ground-plan of a Military Prison at Gosport, completed and 
occupied in 1850 ; and the constraotion may be considered to be based upon the 
several improvements deemed necessary after the experience of the previous seven 
years, as regards the health and discipline, the punishment of those convicted of 
offences, and their reform, subject to military imprisonment from one to six months, 
or in some cases from eighteen months to two years. 

The main building, or prison, a, 5 , c, d, in Plate I,, of which an elevation is given 
in Plate 11 ., consists of three stories of cells. The cells are of nearly uniform size, 
11 ' X T (see also Plate III.), and connected by a long corridor ; the latter is lighted 
from above and at each end. 

The prison is warmed and ventilated by a furnace in the basement story and a shaft 
above, as explained in the longitudinal section in Plate IL Each cell has, besides, 
the means of receiving fresh air at the window. 

Connected with the main building, and in rear of the centre, is placed the chapel 
with a school-room below. 

The building is constructed of brick, ornamented with stone coping ; jambs and 
sills of windows of the same material. The roof is slated* 
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Tlie cost was £26,735 65 . 3d, lieing about £178 for each cell ; and tbe prison is 
built for 150 prisoners upon tbe ‘separate system.* 

The offices, stores, kitchens, and quarters for the Governor and Warders, are 
shown in Plate I, 

Sheds for shot exercise and other punishments for the three classes are placed in 
the rear, on cast-iron pillars, with corrngated sheet-iron roof, See section to Plate II, 


PROJECTILES.^— Gfunnery has been defined as the “art of using fire-arms,’’ 
and in oi*der to understand this art thoroughly in all its branches, a very considerable 
acquaintance wdth mathematics, natural philosophy, chemistry, and other sciences is 
required ; taking the term known in a more restricted senses it may be said to 
include the mechanical principles which regulate the motions of projectiles and their 
application to the actual purposes of practice ; the remarks given in this short paper 
will merely illustrate this latter signification. 

Leonardo da Yinci, who was horn in 1452, is said to have possessed for that period 
a very considerable amount of knowledge relating to the dynamical laws which govern 
the motions of projectiles ; f and N. Tartaglia an Italian in the sixteenth century, 
attempted to establish gunnery as a science based upon certain fixed principles, but 
nothing definite appears to have been determined and generally received until the time 
of Galileo. This celebrated philosopher whose “Dialogues on Motion” were printed 
in 1646, investigated the theory of projectiles and concluded that a ball fired from a 
gun would in its flight describe a parabolic curve, but at the same time hinting that 
in consequence of the I'esistance of the air it might under certain circumstances deviate 
from this curve. That a heavy mass of iron would he retarded in its flight by the 
resistance of the air was considered highly improbable, notwithstanding the suggestion 
of Galileo, but that such is actually the case was proved long afterwards by Sir I. 
Newton, who in his “Principia” gave the results of experiments with low velocities, 
and deduced from them a law that this resistance increased as the square of the 
velocity of the projectile ; he moreover supposed that the resistance with high velocities 
would increase more rapidly. 

The science of gunnery may he said to date from the publication of Benjamin Eobins’s 
“ New Principles of Gunnery” in 1742 ; this distinguished philosopher carried on an 
. extensive series of experiments with properly constructed apparatus invented by 
himself, and from them he clearly demonstrated that the resistance of the atmosphere 
affected the motion of a projectile fired from a gun to a very great extent, not only 
decreasing the range but causing lateral deviation ; he also treated on the “Foim of 
Gunpowder,” and a number of other practical questions relating to the science of 
gunnery. This work or Robins was translated into German by the celebrated 
mathematician Euler, who added a number of original and valuable remarks, and 
thus brought the subject more generally before the scientific world. The experiments 
of Robins were afterwards more fully carried out by Br. Hutton of the Royal Military 
Academy at Woolwich, who improved the apparatus used by the former, and after a 
long series of careful experiments, deduced a number of formulje, from which some of 
the most difficult problems in gunnery may be approximately determined. Since Dr. 
Hutton’s time experiments have been made and numerous theories connected with the 

* By Major Owen, B. A., Professor of Ax'tillery, R.M. Academy.; 

t See *‘Our Engines of War,” by Captain Jervi^ R. A. 
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science of gunnery have heen investigated by many eminent men as Poissin, Probert, 
Didion, Magnus, Mordecai, and others. 

- It is not necessary to enter into the different theories respecting the ** Force of 
Grnnpo’w'deiv” bnt it will be sufficient to state here, that when the charge of gunpowder 
is ignited within the bore of a gun, a highly elastic gas is suddenly disengaged, the 
elasticity being increased by the heat evolved in the chemical action, and an enormous 
force is thus exerted upon the projectile, causing it to leave the bore with awery great 
velocity termed its ** Initial Velocity.*’ 

General Psinoiples oe Motion. 

A projectile when discharged from a piece of ordnance is acted upon by three 
forces,vb.:-— 

1. The force of projection from the charge of gunpowder, 

2. The force of gravity, 

3. The resistance of the atmosphere. 

Let us examine briefly the effect of each of these forces upon a shot fired horizontally 
from a gun, the axis of which is represented by A B, fig, 1, 

Fig. 1. 


' If the projectile were acted upon by the force of projection alone, which ceases 
immediately it has left the bore, it would, by the first law of motion, proceed onwards 
in the direction A G with an uniform velocity, and would, in consequence, pass over 
equal spaces in equal times ; let us suppose it to pass over the distance B Gin one 
second of time. Should the shot be only subject to the action of gravity, for instance 
if it be allowed merely to drop from B^ it would descend in the vertical direction J? i?, 
and would drop through a distance B J> equal to about 16 feet in one second. Since, 
however, the projectile is acted upon by both of these forces, if the two motions be 
compounded, and the parallelogram B DBG constructed, it will, by the second law 
of motion, have arrived at the point B in one second. Also, because gravity is an 
accelerating force^ and the spaces through which a body under its influence will fall in 
successive seconds are as the squares of the times, the trajectory or path of the shot 
will pass through the points BFQ, and thus describe a parabolic curve as shown in 
the figure. The properties of this curve being known, the trajectory, time of flight, 
&c., of any projectile could be readily calculated if in its flight the shot was merely 
subject to the two above-named forces. 

We must now consider the third force, viz. the resistance of the atmosphere, which 
BO modifies the curve as to render the parabolic theory inapplicable for the purposes of 
calculation in gunnery, except with very low velocities of about 200 to 300 feet per 
second, when it would give tolerably accurate results, at least with large projectiles of 
great density. To projectiles moving with high velocities, there is a very consider* 
able resistance from, the atmosphere, which is generally said to vary as the square 
of the velocity, although Kobins considered that when the velocity exceeded 1100 
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or 1200 feet a eecond, tlie resistance wonld instantly be nearly trebled ; these ideas 
are, however, incorrect (see Boxer*, Art. 234, page 106). Prom Br. Hutton’s 
experiments it appears that the resistance increases gradually up to about 1600 
feet per second (with the two -inch ball), wbea its ratio to the velocity is as the 
2*163 power of the latter, but that when the velocity exceeds this, the ratio again 
diminisbes, for at the velocity of 1600 feet, it is as the 2*152 power, and so on till at 
the velocity of 2000 feet it is only as the 2*136 power (see Table, page 102. Boxer). 
However, in certain cases, for the sake of simplicity, the resistance of the atmosphere 
may be assumed to vary as the square of the velocity. 

Br. Hutton in his thirty-seventh Tract, thus explains the nature of this resistance. 

‘‘ The circumstance of the variable and increasing exponent in the ratio of the 
resistance, is owing chiefly to the increasing degree of vacuity left behind the ball, in 
its flight through the air, and to the condensation of the air before it. It is well 
known, that air can only rush into a vacuum with a certain degree of velocity, viz. 
about 1200 or 1400 feet in a second of time; therefore, as the ball moves through the 
air, there is always left behind a kind of vacuum, either partial or complete ; that as 
the velocity is greater, the degree of vacuity behind goes on increasing, till at length, 
when the ball moves as rapidly as the air can rush in and foEow it, the vacuum 
behind the ball is complete, and so continues complete ever after, as the ball continues 
to move with all greater degrees of velocity. How the resistance, which the ball 
suffers in its flight, is of a triple nature ; one part of it being in consequence of the 
‘ vis inertia ’ of the particles of air, which the ball strikes in. its course ; another part 
arises from the accumulation of the elastic air before the ball, and the thii'd part from 
the continued pressure of the air on the fore part of the ball, when the velocity of this 
is such as to leave a vacuum behind it in its flight, either wholly or in part ; for, 
while the ball is at rest, it is manifest that this pressure of the whole atmosphere is 
the same or equal on all sides of the ball ; but, as soon as the ball begins to move, it 
is also manifest that the pressure behind will he less than the constant degree of 
pressure in front, and the difference must be the greater as the motion of the hall is 
the more rapid, being, in fact, proportional nearly as the velocity of the ball as 
compared -with that of air rushing into a complete vacuum, that is, while the former is 
not greater than the latter ; for, as soon as the motion of the hall becomes equal to that 
of the air, and. always when greater, then the ball has to sustain the whole pressure of 
the atmosphere on its fore part, without having any aid from a counter-pressure behind. 

“Thus then we see that the resistance against the ball is two-fold (besides that 
arising from the unknown degree of compression before the ball), the one arising from 
percussion, by the hall striking and displacing the particles of air in its path, and 
which increases continually in the duplicate proportion of the ball’s velocity ; and the 
other from the weight of the atmosphere, increasing with that velocity, to which, 
being of the nature of pressure, it is proportional ; but arriving at its maximum when 
that is equal to or exceeds the velocity of air into a vacuum, after which it is a 
constant quantity for all greater degrees of velocity. These circumstances then very 
well show the reason why the experimental resistance proceeds in a i*atio increasing 
gradually more and more above the square of the velocity, till this exceeds 1200 or 
1400 feet, the motion of air into a vacuum, and then rather decreases again. So 
that it appears that the whole estimatable resistance consists of two parts ; of which the 
one part is proportional to the square of the velocity, and the other is simply as the 
velocity only.” 

Hutton’s formula in two terms for this resistance is 
mv‘^ + nv^rj 


m and n being general coefficients determined by experiment. 
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In order to asoertam approximately the effect of the resietanoe of the air npon 
projectaes, their probable trajectories, the relative effects produced by different 
Lrges and many other important questions in gunnery, it is necessary to 
as accurately as possible the “ Initial Velocities” of projeeti es. or ’■f P® . 
BaHistio Pendulum and the Gun Pendulum have been employed until mthin the last 
feur years, during which an Electro Ballistic Apparatus has been invented, and is now 
very generaHy used. The invention of the BalHstio Pendulum by Eobins ^ ^ 
importot discovery enabling Mm to make rehable experiments, and thus f 
theory of gunnery, which had Htherto depended upon no acknowledged principles 

science. The principle of this instrument may be thus explained : 

mmic PendvMm.-ll a shot be fired from a gun into a large block of wood, or 
' other material, placed at a shoit distance from the piece, and suspended so l^t it can 
vibrate freely ; it is known by the 3rd law of motion (a,otion and re-action) that he 
momentum gained by the latter is lost by the ball; and therefore that _ the 
momentum of the ball before impact is equal to that of the block with the ball in it 
after impact. Now if the velocity of the block with the ball in it can be ascertained, 
the weight of the two being known, their momentum after impact is also known, and 
from what has before been said, this momentum is equal to that of the ball before 
impact ; the velocity of the ball is therefore easily found. Thus 

If -u; = weiglat of ball. ^ 

•y s= velocity of ditto before impact. 

'W' = weight of block. 

Y = velocity of block, with bah after impact, 
w (W + w) Y, 

(W + u') Y 
- — — — • 
w, 

ExampU —If a 32 ft. shot he fired into a block weighing 8000 fts., and the velocity 
after impact is 4 feet per second, what will he the velocity of the haU before striking ? 
(8000 + 32)4 
^ 32 

= 1004 feet per second. 

The “ Initial Veloeity ” of the hloek can he ascertained from the arc of vibration ; for 
the velocity lost by its centre of osciBation in ascending the curve is the same as that 
gained in d.pr«<,8iug, which latter is equal to the veloeity it would acquire in falling 
through the same vertical distance; this height is equal to the versed^sine of the 
of semi-vibration multiplied by the distance of the centre of oscillation from the 

axis of suspension. -e -i. -u n 

/When tbe shot strikes the centre of percussion of the Hock, the velocity of the ball 

may he computed from the following fomnla 

Let vj = weight of the hall 

Y = velocity of ditto. . , . • 

0 = distance of the centre of percussion or oscillation from the axis of suspensiOBt 

0 == weight of the pendulum. 

a==distanoeofcentreofgravity from the axis of suspension, j 
a = angle of semi-vibration, 
p = accelerating effect of gravity. 

(0 G + w 0) V 0 
Y-2 sin. i .0^. — 

This formula will he sufficiently accurate for short distances, but should the block 
be placed at a considerable distance from the gun, and the shot strike far from the 
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centre of percnssion anotLei: formnla must be used j this latter fornaxila, as well as 
that for finding the velocity lost by the ball before reaching the block, are given in 
Boxer’s Treatise on Artillery,* where will also he found a full explanation of them. 
The ballistic pendulum used by Robins consisted of 3 poles or legs joined at the top, 
but spreading out at the bottom so as to form a frame for the block ; the latter was 
of iron covered with wood, and suspended from the middle of a horizontal cross piece 
fitting into sockets attached to two of the legs near their tops, and in such a manner 
that the block could vibrate as freely as possible. In order to ascertain the are of 
vibration, after the block had been struck by the shot, a ribbon was attached to the 
lower part of the block, and passed through two small steel edges capable of being 
compressed to the extent required, fixed into a horizontal brace attached to the two 
legs below the block. The length of ribbon drawn out by the block thus measured 
the arc of vibration. 

Br. Hutton made several improvements in Robins’s pendulum, replacing the sockets 
by others of superior construction, which diminished the friction, and substituting for 
the ribbon a graduated arc having a groove filled with soft composition of wax and soap, 
so that a stylette attached to the block traced the extent of the arc of vibration in this 
composition. The Ballistic Pendula since used in France and America were very 
great improvements on that of Hutton, but a description f of them would occupy 
too much space for a short article ; their blocks were made with moveable coi'es filled 
with clay or sand, so that the shot would remain in the block, and not he liable to 
rebound on striking, but could be removed after each round. In order that the 
pendulum should not he affected by the blast from the discharge, it is usually placed 
at a distance of about 50 feet from the muzzle of the gun, and to insure this more 
effectually, a wooden screen should be placed a few feet (about 17) from the gun, 
having a hole 12 inches in diameter for the shot to pass through. 

The general principle upon which the Initial Velocity of a shot can be obtained by 
means of the Gun Pendulum is as follows. When a shot is fired from a gun the force 
exerted by the ignited powder acting in one direction upon the shot hut in the opposite 
direction upon the guii,J the momentum of the shot will be equal to that of the gun ; 
if therefore by suspending the piece in a frame, provided with a graduated arc, in 
such a manner that it can vibrate freely, the initial velocity of recoil of the gun can 
be observed as explained with the block of the ballistic pendulum, and the respective 
weights of the gun and shot being known, the velocity of the latter can he readily 
ascertained. 

This method of finding the velocity of a shot is not however strictly correct, and the 
velocity found thus would be too high for the following reasons. First, the motion of 
the powder and hag in the direction of the shot must be considered ; secondly, a 
portion of gas escaping by windage, a less amount of force will act upon the shot than 
upon the gun from this cause ; thndly, the force will act for a longer time upon the 
gun than on the shot. The gun will therefore have a greater momentum than the 
shot ; the formula to he employed when these cmcumstances are taken into account is 
given in Boxer’s Treatise on Artillery. 

With low velocities (less than 100 ft, per second) the shot will generally rebound 
from the block of the Ballistic Pendulum, and on account of the elasticity of the shot 
and block the results would be very inaccurate j in order to ascertain the resistance 


* Also in “Hutton’s Tracts,” Report of Experiments on Gunpowder,” by Captain 
■Moi*decai,'&c. '■ 

t A detailed description will be found in Boxer’s “Treatise on Artillery;”- Mordecai’s 
“ Report of Experiments on Gunpowder,” <fec. 

The elastic gas exerts an equal pressure in ©very direction. 
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* The idea of det^mhiiiig the Teloeities of projectiles by means of electricity was first 
suggested many years ago by Professor ’Wheatstone, who invented an iustrument called the 
electro'jnagnetic-chronoscope foj this purpose* 


to balls moving with these low velocities Robins invented an ingenious instrument 
called a whirling machine, which is described in his ‘‘New Principles of Grunnery,” in 
Hutton’s Tracts,” &c. 

! The Electro-Ballistic Apparatus* of Kavez is too complicated to describe, especially 
without the aid of accurate drawings, but its general arrangement, and the principle 
upon which the velocity of a shot can be obtained by it, may be briefly explained as 
follows. Two screens are placed in front of the gun, one within a few feet, and the 
other at some distance from the first, depending upon the results required ; the gun is 
accurately laid so that the shot fired from it may pass through both screens, in doing 
which it cuts a copper wire in each. The apparatus consisting of a pendulum with a 
a powerful magnet, a galvanic battery, &;c,, is placed at some distance from the gun 
so as not to be affected by the discharge, and it is connected with -the screens hy means 
of copper wires. When the wire of tbe first screen is cut, the pendulum commences to 
vibrate, but when the wire in the second is cut, an index hand attached to the 
pendulum is suddenly clamped, and thus registers the length of the arc of vibration, 
which shows the time the shot tabes to pass from one screen to the other with the very 
greatest accuracy. This instrument has many advantages over the Ballistic Pendulum, 
it is not so cumbrous, observations can be made with gi*eater rapidity and accuracy, it 
can be employed at high angles of elevation, or where it is required to ascertain the 
velocity of a shot at a considerable distance from the gun, &c. 

Dr. Hutton deduces the following practical conclusions (in his 37th tract) from 
experiments carried on hy himself at Woolwich :■—* 

1. “ It appears that the (initial) velocity of a ball increases with the increase of 
charge only to a certain poinfe, which is peculiar to each gun, when it is greatest ; and 
that, by further increasing the charge, the velocity gradually diminishes till the bore is 
quite full of powder. That this charge for the greatest velocity is greater as the gun 
is longed, hut yet not greater in so high a proportion as the length of the gun is; 
So that the part of the bore filled with powder hears a less proportion to the whole 
bore in long guns, than it does in shorter ones ; the part which is filled being indeed 
nearly in the inverse ratio of the square root of the empty part,” 

2. “It appears that the (initial) velocity with equal charges, always increases as 
the gun is longer ; though the increase in velocity is hut very small in comparison to 
the increase in length, the velocities being in a ratio somewhat less than that of the 
square roots of the length of the bore, but greater than that of the cubic roots of the 
same, and is, indeed, nearly in the middle ratio between the two.” 

3. “It appears from the Table of Ranges, that the range increases in a much lower 
ratio than the velocity, the gun and elevation being the same ; and when this is 
compared with the proportion of the velocity and length of gun, in the last 
paragraph, it is evident that we gain extremely little in the range hy a great increase 
in the length of the gun, with the same charge of poWder. In fact^ the range is 
nearly as the fifth root of the length of the bore, which is so small an increase, as to 
toount only to about one-seventh pari more range for a double length of gun. From 
the same Table, it also appears, that the time of the ball’s flight is nearly as the range, 
the gun and elevation being the same,” 

4. “It has been found by these experiments, that no difference is caused in the 
telocityor range by varying the weight of the gun, nor by the use of wads, nor by 
different degrees of ramming, nor by firing the charge of powder in different parts of 
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Recoil and 
Strain. 


it ; but that a very great difference in the velocity arises froin a small difference in tbe 
windage.’’ 

Tbe velocities generated by tbo action of different charges of powder in the same gun 
upon balls of equal densities, are nearly as tbe square roots of these charges ; or 
V : v' :: \/c : V®'* 

The velocities generated hy the same charge of powder from the same gnn upon 
balls of different densities, will be inversely as tbe square roots of the weights ; or 
v : V* : ; ; -s/w. 

The velocities generated hy different charges of powder upon halls of different 
densities, will he nearly in the ratio of the square roots of the charges, divided by the 
square roots of the weights of the halls (Boxer, pp. 60, 51) ; or 

In the above 

V and V being the initial velocities, 
c = charge with iJ, 
c' = do. 'D'f 

w ~ weight of hall with -n, 
w' — do. do. V,' 

The empirical formula generally nsed in our service for ascertaining the initial 
velocity of a projectile, is as follows ; — 


V 

when V 


/ ac 

= initial velocity, 


(1). 


a == a coefficient, the value of which depends upon windage, 

c = the charge (in Bs.), 

•w = the weight of hall (in Bs.), 

The values of a found hy experiment are, 


for windage of ’SSS . . 

, . S’!2 

„ -2 

. 3'4 

•175 . . 

. . 3*6 

„ -126. . 

. 4*4 

„ -09 . . 

, . . 5* 


Should there be no windage, a would equal 6 ’66. 

The elastic gas generated hy the ignition of gunpowder, exerts an equal pressure in 
every direction ; consequently, when a gun is discharged, a force is impressed upon 
the bottom of the bore of the gun in the direction of the axis equal in amount,* to that 
which acts upon the projectile. The momentum of the gun and carriage, is therefore 
equal to that of the projectile, both being acted upon by equal forces, and the velocity 
of recoil of the former inay he found as follows 
If Q s=5 weight of gun, 

0 =» do, carriage, 

0 == do, shotj 
V initial velocity of shot, 

F » do. gun and carriage, 

wv «= {Q+ 0) T 

. . . -ICO . . ■ . . . 

^ ‘o’ • * * ■ (2)* 

V may he determined from the formula for finding the initial velocity of shot, 

* Not strictly correct, as explained when describing the principle of the gun pendulum. 
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Or slioTild tlie Telocity of recoil of tKe gun alone I 
If y'= initial Telocity of recoil of gun. 


Tlie a-bove simple formula are of great practical utility ii 
oMained from ordnance mth different charges and projecti 

exerted upon the carriages, &c. ^ 

If two guns haTe hores of the same calibre,^ hut the weigh 
of the other, their respectiTeTelocities of recoil, and also the 
carriages, when fired with equal charges and similar proje 

tleir weights. If « = Telocity of shot, 

qu = weight of do. . 
j|r -weight of the 1st gun, 
W'= do. 2nd „ 

V == Telocity of the 1st ,, 
V'= do. 2nd ,, 

The momentum of each gun will he equal to mv, 

but V—'^rr 


and F' == > 

or the yelocities of recoil are inversely as the weights. 

The work done by the gnns in their recoil, and conseqnenlly the steams upon 

carriages will he, as 

WV^ i WV^% 

or, by substituting the values of V and T', as 


or the strains are inversely as the weights. ^ 

In Sir H. Douglas’ Kaval Gunnery, it is stated, » That by increasing the charge 
hevond one-third of the weight of the hall, the recoil is increased in a much higher 
ratio than the initial velocity of the hall. It may he added, that for every purpose on 
service, even for that of breaching, the advantage gained hy using a charge greater 
than one-third of the weight of the shot is unimportant, and does not compensate for 
the inconvenient recoil, or the destructive strain on the gun and carnage.” 

The above refers to smooth-bored ordnance, for with rifled cannon the charges are 
much less, usually one-sixth or one-eighth of the weight of the projectile ; it must, 
however, he rememhered, that these small charges have a much greater proportional 
effect, from the fact of there being little or no windage in a rifled cannon, and from the 
comparatively great weight of the projectiles (elongated) used with them* ^ 

The resistance” which a projectile meets with in moving throngh the atmosphere 
depends chiefly upon its velocity, the magnitude of the surface it presents to the 
resistance, and its peculiar form.* In the case of ordinary spherical projectiles, 
supposing the resistance to vary as the square of the diameter, if d — the diameter o 
a ball, and v == its velocity, the resistance opposed to its motion will he as 

; cPvK 

The velocity it Iqses iQ consequence of this resislamse, or its ‘‘retardation,” will, 


Eesistance and 
Retardation, 


* This subject is treated in a more general manner in Boxer^s Treatise, p 107 
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however, depend also upon its weight, being in fact inversely as the weight, and the 
weight is proportional to the cube of the diameter, so that the retardation of the ball 
-will be as 

If two shot of different diameters are fired -under similar circumstances, that is, 
supposing the angles of elevation of the guns from which they are respectively fired 
are the same, the initial velocities equal, and the densities of the shot alihe (for 
instance, should they be two cast-iron solid shots), it appears from what has just been 
said, that the shot of the largest diameter will range to a greater distance than the 
other, the resistance to each being as whereas the retardation is inversely as ; 
consequently, for equal ranges, the elevation of the piece from which the larger shot 
is fired may be reduced, and tbe chance of its striking the object fired at will therefore 
be greater than that of the smaller ball, the trajectory of the latter being more curved. 

If a shell and solid shot of equal diameters, but the densities of which are of course 
different, be fired consecutively from a gun, at the same elevation, and with equal 
charges, their initial velocities will he inversely as the square roots of their respective 
weights, the velocity of the shell being therefore the greatest ; the shell will, however, 
in consequence of its inferior weight, be more retarded by the resistance of the 
atmosphere than the shot, so that, although at short ranges, when firing shell, the 
elevation of the gun would be ratber less than when firing solid shot, still at long 
ranges the elevation would be about the same, whether shot or shell were fired, or 
would be even less for the shot. For instance, it was found by actual practice, in the 
Woolwich marshes, that at a range of 1400 yards, the 82-pr. gun of 56 cwt. required 
about the same elevation whether shot or shell were fiired, but at 1000 yards the shell 
required about one fourth less than the shot.* In the Tables of Eanges given in the 
Hand-Book for Field Service, tbe ranges of tbe shell for the same gun are greater than 
those of the shot up to 6° of elevation, when they are both equal, viz. 1910 yards, 
after which the ranges of the shot exceed slightly those of the shell. 

If balls of equal diameters but of different weights or densities, as solid shot and 
shell, are fired from the same gun with charges bearing the same propoi'tion to their 
respective w^eights, their initial velocities will be equal, as -will appear from the 
formula for initial velocity. The ranges at point blank” or small elevations will not 
differ to any great extent, hut at angles of elevation giving long ranges, the times of 
flight for which will be considerable, the retardation of the denser ball will be much 
less than that of the lighter, and consequently it will range to a greater distance. 

In order to show clearly the extent to which the range of an ordinary projectile is 
decreased by the resistance it meets with from the atmosphere, the following example 
"is given.' 

Smn/vple . — If a solid shot were fired in vacuo from a 32-pr. gun of 56 cwt. at 2® of 
elevation, and with the service charge, to what distance would it range ? 

From the formula at page 158, we find the initial velocity of the shot to be 1600 
feet per second. 

The equation for the range being 

_ 2 sin (Z cos a 

and as 2 sin a cos a = sin 2a, 


* Tlie sendee cliarge of 10 lbs. used with both shot find shell, 
t Any dilferenceAYOuld arise from the charges not being of equal length. 


H 





wind affects projectiles from rifled Ixa-es, and is not therefore mentioned here. 
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^ F2 giiT^ 2tz 

— ~ — 

V 

2560000 X -069 
__ ^ 

^ 5520 ft. or 1S40 yds. 

In the air the range would he about 1100 yards, or less than two-thivds of the 
range in Tacuo. 

inal or remain- These two terms are defined below, but it would occupy too much space to go into 
.g and terminal the fonnula connected with them, which may however 

be found if re«iuired in Boxer’s Treatise, Hutton’s 
Tracts, &e. 

The filial or remaining velocity of a projectile is its 
velocity at the end of any given range. 

If a body be allowed to fidl in the atmosphere, tliero 
is a certain limit to the velocity it will acquire, and 
this will be attained when the resistance of the air has 
become equal to the accelerating force of gravity ; the 
motion of the body will then be uniform, and is called 
its Terminal Veiocitj^ 

[As the subject of Penethatiox is treated in a sepa- 
rate article, it is here omitted.] 

Yery great irregularities occur in the paths described 
by projectiles fired from smooth-bored ordnance. It is 
a fact, well known to al! practical artillerists, that if a 
number of solid shot (or any other projectiles) be fired 
• I from the same gun, with equal charges and elevations, 

and with gunpowder of the same quality, the gun car- 
riage resting on a platform, and the piece being laid 
w'ith the greatest care before each round, veiy few of 
the shot will range to the same distance ; and, more- 
over, the greater part will he found to deflect consider- 
ably (unless the range he very short) to the right or left 
of the line in which the gun is pointed. 

The princixml causes for these deviations are, ^ 

1. Windage ; 

2. The imperfect form and roughness of surface of 
shot; 

3. Bccentricity of projectile arising from a want of 
homogeneity. 

Windage causes irregularity in the flight of a pro- 
jectile from the fact of the elastic gas acting in the first 
instance on the upper portion of the projectile, and 
driving it against the bottom of tbe bore ; the shot 
re-acts at the same time that it is impelled forwards by 
the charge, and strikes the upper surface of the bore 
some distance down, and so on, by a succession of re- 
bounds, until it leaves the bore in an accidehial clirec- 
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tion, and mtli a rotatory motioBj depenclmg cliiedy on tlie position of tlie last impaot 
against the bore. 

Thus, should the last impact of a (concentric) shot when fired from a gun be upon 
the right-hand side of the bore, as represented in fig. 2, the shot will have a tendency 
to deflect to the left in the direction 2>, while at the same time a rotation will he given 
to it in the direction indicated by the arrows. 

Shot cannot be oast with perfectly smooth surfaces ; consequently, a certain amount 
of friction is said to arise between these surfaces and the atmosphere.’’^ 

It was asserted by Eobins, That almost all bullets receive a whirling motion by 
rubbing against the sides of the pieces they are discharged from ; and that this whirl- 
ing motion of the bullet occasions it to strike the air oblique to the track of the 
bullet, and consequently perpetually deflects it from its course.” The manner in 
which the ball is deflected, aeoordmg to Eobins, may be thus explained;—- As the air 
in fipnt of the hall will in the above case be greatly condensed, while almost a 
vacuum will be formed behind the ball, a great resistance will be offered by the fric- 
tion of the air in front, which will not he counterbalanced by a corresponding resist- 
ance behind, and therefore the ball will have a tendency to deflect in the opposite 
direction to that given by striking the right side of the bore. ^ This is shown in 
fig, 3, the dotted arrow representing the resistance caused by the friction of the air to 


the rotation, and which, not being balanced by a corresponding resistance to the 
opposite hemisphere, will cause the ball to deflect in the direction di. 

Professor Magnus, of Berlin, made a number of careful experiments some few years 
ago, to ascertain the causes for the deviations of projectiles, and as they appear to 
aford the most probable explanations for the different results observed in practice, it is 
considered necessary to give some account of them here ; those relating to spherical 
projectiles only will he described at present. 

The first object was to deteimiine the relative pig. 4. 

amount of atmospheric pressure exerted on dif- 

ferent parts of the projectile, when the latter has / 0 f ^ \V / 

Imparted to it a motion of translation as well as . / \ ' J ' / 

a motion of rotation; It was assumed that the ^ \ 

relative pressures upon the projectile are the / j 

same, whether it is. made to move with a certain ' 

velocity through the air, or whether a current — — — n J? 

of air is impelled with the same velocity against i A 

the projectile. j 

Observations being more easily made on a B § 

cylinder than on a sphere, a brass cylinder (see 

fig. 4) about 14 inch in diameter and 4 inches high was used to represent the pro- 


* The greater part of the following remarks arc extrnctc;! from some printed lectures pre- 
pared "by Jlajor Owen, B.A., for the E. M. Academy. 
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jeotile, and it was arranged so that it could be made to rotate rapidly on a concentric 
or eccentric vertical axis. The current of air was produced by means of a rotating 
fan, the direotion in which it was driven being perpendicular to the axis of the cylinder ; 
the nozzle AB which delivered the stream was five inches wide, so that the cylinder 
might be within the current whatever the position of its axis j the depth of the 
nozzle was three-quarters of an inch. Two light moveable vanes (DD) were placed 
on each side of the cylinder, so that their pivots were equidistant from the mouth of 
the blower and from a vertical plane passing through the centre of the current and the 
axis of the cylinder. 

If the cylinder is at rest and the current of air impelled against it^ the pressures 
will manifestly be equal on both sides of the axis, and tbe vanes are found to place 
themselves parallel with the current. But when the cylinder is made to rotate from 
left to right, as indicated by the arrow in the circumference of C, hg. 4, the portion of 
air in contact with it (dotted arrows round, see fig. 4) is also made to rotate m the 
same direction. The cylinder being made to rotate, and the blower being also applied, 
it is found that the vane on the left side of the cylinder, when the current of air from 


the blower and the rotating current follow the same direction, approaches the cylinder, 
but the vane on tl^e other side where the two currents move in opposite directions is 
found to recede from the cylincler. It would appear from this that on the left side 
there is a diminished pressure, and on the right side an increased one, compared witli 
the pressures on the cylinder when at rest. In order to obtain the most distinct 
effects, tbe velocity of the air produced by rotation must be nearly as high as that of 
the current of air from tbe blower. 

It was shown by M. P. Savart that if two jets of liquid, flowing with the same 
velocity from circular orifices of the same diameter, meet each other, when their axes 
are in the same straight line, the two together move laterally and in a plane perpen- 
dicular to the jets. This may be illustrated in the case of gases by the ordinary fish- 
tail burner, the fiame from which is in a plane at right angles to that passing through 



the two perforations from which the flame issues ; thus in 
fig. 5, AB represents the plane of the fiame, and ah that 
passing through the perforations. Also in the experiment 
with the cylinder, on the right side where the current of air 
from the blower moves in an opposite direction to the air 
rotating with the projectile, when they thus meet they move 
laterally, an increased pressure being therefore exerted on 
the vane forcing it outwards, and on the cylinder ; whereas 
on the opposite side, in consequence of the two currents of 
air moving together, the pressure is decreased, and the vane approaches the cylinder. 

In order to prove that the difference of pressure upon the opposite hemispheres of 
the ball is sufficient to cause it to deviate, Professor Magnus devised the following 
experiment : — ** A light beam of wood, about four feet in length, is suspended from 
its centre by a tbin wire, so as to form a sort of torsion balance ; from one end of this 
beam a brass rod^descends carrying a brass ring, within which a light brass cylinder 
(similar to that described above), turns very freely on an axis, in tbe same manner as 
a common terrestrial globe turns within its brazen meridian. At tbe other end of the 
beam a counterpoise is adjusted. The blower before cited is placed below tbe beam, 
so that it may be made to turn horizontally about a point nearly coincident with the 
prolongation of the suspending wire, while the mouth is about two inches from the 
cylinder. The plane of the ring being made perpendicular to tbe direction of the 
blast, the cylinder is now made to rotate rapidly from right to left, or vice versdj by 
means of a thread wound round its axis, in the same manner as a humming top is 
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spun. While this is in a state of rotation the blower is put into action. The beam 
then with the cylinder revolves, and may be made to describe a large portion of a 
circle, the direction of its orbit depending on the direction which is given to the 
rotation of the cylinder on its axis. ” 

Let these principles be applied to the case of ordinary spherical projectiles fired 
from guns. If a ball leaves the bore rotating on a vertical axis, the fore part of the 
ball moving from left to right, supposing the observer to be behind the piece, it follows 
from what has been previously said that there will be a diminished pressure on the 
right side, and an increased one on the left side of the ball, which will therefore 
deviate to the right : this is shown in fig. 6, in which A B represents the dii*ection in 
which the ball is impelled, cd that of the deviation, and the small arrows outside the 


Pig. 6. 



ball, the directions of the two currents of air on both sides. In like manner, if the 
fore part of the ball turns from above downwards, the increased pressure will be 
above and the decreased below, and the range would therefore be diminished. In one 
case alone will there be no deviation from the causes described, and that is when the 
axis of rotation of the ball is tangential to its trajectory. 

It has been already explained, that the velocity of the air rotating with the ball 
must be nearly as high as that of the opposing cuiTent, in order that the pressure on 
one hemisphere caused by the meeting of the two may have sufficient power to produce 
very evident deviations ; this will in some measure explain the fact, that the lateral 
deviation is found in practice to increase in a higher ratio than the distance, for the 
velocity of translation decreases most probably more rapidly than that of rotation, and 
therefore the velocities of the two separate currents will become more nearly equal. + 
From the above explanations, either of Robins or Magnus, it appears that a ball 
leaving the bore of a gun rotating on any axis, but on one parallel to the axis of the 
bore, will deviate according to the direction of the rotation ; and they will account for 
the results of experiments with eccentric projectiles. Should the centre of gravity of 
a shot not coincide with the centre of the figure, the shot is termed eccentric, and is 
found to deviate according to the position of the centre of gravity when the ball is 
placed in the bore of the gun. Should the line joining the centre of gravity and the 
centre of the figure of a projectile be not parallel to the axis of the bore, the charge of 
powder will act upon a larger surface on one side of the centre of gravity than on the 
other, so that there will be a rotation from the lightest to the heaviest side. If fig. 7 
represents an eccentric shot, the centre of gravity (<7) of which is below its centre of 
figure Fj the powder, acting on a larger surface above G than below, will give it a 
rotation as indicated by the arrows, and from what has been previously said, its 
deviation will be to the side upon which the centre of gravity lies. This is the case 


* Journal of U. S. Institution, vol. h. p. 403. 

f it appears that if a shot rotates on any axis when leaving the bore of a gun, it will deflect 
in the saine direction, according either to Robins or Magnus. ' 
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in practice, for it is found liy experiment that if a shot he placed in a gun, so that its 
centre of gravity is to the right of the vertical plane, passing through the axis of the 
hore, the shot will deviate towards the right, and vice ixmt ; also if the centre of 

Fig. 7. l^ig- 

Eccentric shot. 




gravity be upwards the range will he increased, and if downwards diminished. Figs, 

7 and S will illustrate these remarks. 

It is found in practice that shot deviate in a curved line, either right or left, the 
curve rapidly increasing towards the end of the range. This most prohahly occurs 
from the velocity of rotation decreasing hut slightly, compared to the velocity of trans- 
lation of the shot as before explained ; or, if a strong wind is blowing steadily across 
the range during the whole time of flight, this deflecting cause being therefore con- 
stant, while the velocity of the shot diminishes, the curve will manifestly increase with 
the range. The trajectory is therefore a curve of double curvature, its projection on 
either a horizontal or vertical plane being a curved line. 

By a successful introduction of the rifle system in the construction of ordnance and 
projectiles, the chief causes of deviation are very greatly diminished. The object of 
rifling the bore of a piece of ordnance (or of a musket barrel), is to give the projectile 
a rotary motion on an axis parallel to that of the bore, or coincident with the **Iin8 
of fire.” By giving this rotation to the shot, the friction or the pressure of the air 
will be equally distributed round it, thus obviating the chief cause of deflection, and 
securing greatly increased accuracy. 

In order to give the required rotation, two or more grooves are cut spirally down 
the length of the bore, and the projectile must have projections on its surface to fit 
into those grooves, as in the Gavalli, WarhenclorfI’, and French rifled cannon, or else a 
portion or all of it must be composed of soft material, so that this latter may, by the 
force of explosion, be expanded as in the Mime rifle, or coinpressed, as in the Arm- 
strong gun, into the grooves, the projectile being therefore constrained to follow their 
direction while passing through the hore. There are other plans of effecting this, as 
the Lancaster, Whitworth, &c., but they will be found on examination to be modifica- 
tions of one or other of the above three. 

The three most important considerations in the application of the lifie principle” 
to fire-arms are — 

1. The form and diameter of projectile. 

2. The inclination of the grooves. 

3. The charge of powder. 

The rifled muskets first introduced which had two grooves Were fired with a belted 
spherical ball, but the advantages of elongated projectiles over spherical bullets became 
so manifest that the latter are no longer used with rifled pieces. Elongated projectiles 
cannot be used with smooth- bored pieces, for after ranging to a short distance, from 
their tendency to rotate round their shorter axes,' they turn over in their flight, and 
are therefore useless. The rotation given to an elongated projectile, round its longer 
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axis, in passing tlirougE tlie bore of a rifled piece, ensures its proceeding in tlie desired 
direction with but little deviation. 

In 1747, Eobins suggested an elongated ballet of an egg-like form : — ^‘For,” lie 
says, *Mf sucb a bullet liatb. its shorter axis made to fit the piece, and it be placed in 
the barrel, with its smaller end downwards, then it will acq.uire, by the rifles, a 
rotation round its longer axis ; and its centre of gravity lying nearer to its fore part 
than its hinder part, its longer axis will be constantly forced by the resistance of the 
air into the line of its flight ,* as we see, that by the same means, arrows constantly 
lie in the line of their direction, however that line be incmwated.’^ Before explaining 
the advantages derived from the use of elongated projectiles, it is necessary to consider 
some of the peculiar circumstances connected with their flight in the atmosphere. 

All elongated projectiles fired from lifted guns deviate laterally, and the deviations 
of jDi’ojectiies of ordinary form from the same piece occur on the same side of the pro- 
duction of the axis of the bore. With almost every rifled gun hitherto constructed, 
this lateral deviation of its projectile, or, as the 
French term it, “derivation,” is to the right arising 
from the direction of the grooves, which are almost 
invariably made so as to give the projectile what is 
called a “right-handed” rotation j that is to say, the 
upper part of the projectile turns from left to right^ 
with reference to an observer placed behind the piece. 

(Fig. 9.) 

If the axis of the projectile remained tangential to the trajectory daring the whole 
time of flight, the resistance of the air would be equally distributed round it, and no 
lateral deviation would take place. It is however a well ascertained fact, that 
the axis of the projectile remains nearly parallel to its primary direction during 
the whole time of its flight, as represented in fig, 10, and moreover that it also makes 

Fig. 10. 


Fig. 9. 


Left. 



Right. 



a certain angle with the vertical plane passing through the production of the axis uf 
the bore ; in consequence of this latter position of the axis of the projectile, lateral 
deviation must occur from the feet of the resistance of the air being greater on one 
side of the axis than on the other. (Fig. 11.) 




Oanscs of devia* 
tiou. ' 


In order to discover the cause of “deviation*’ in elongated projectiles, Dr. !Magnu.s 
endeavoured by direct experiment to seek a more positive knowledge, than any hitherto 
obtained, as to the direction of the axis of the elongated projectile during its flight. 
The following experiment was made at his suggestion by a Eoyal Commission at Berlin. 
Several elongated projectiles were fired with a charge and consequent velocity so low, 


r. 
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that an observer could follow them with the eye, and even note with accuracy tiie 
position of tbeir axes ; the following were the results obtained : — * 

1. ‘‘All the observers stationed at intervals along the range unanimously agreed, 
that the axis of the projectile during the whole titne of liight remained nearly tangen- 
tial to the trajectory, but nevertheless that in the descending branch, it was easily 
seen that the point of the projectile was a little higher than could have been the case 
had the axis remained accurately tangential to the trajectory. 

2. It was also admitted by all, that, as much from the motion of the projectiles 
as from the furrows made in grazing the ground, in all the rounds fired, the point of 
the shot at the instant of touching the ground had a deviation to the right, as shown 
in fig. 12. 

3. “When a projectile strikes the ground in such a direction (as mentioned above), 


Experiment 
with the gyro- 
scope. 


Prolongation of Axis of Bore. Prolongation of Axis of Bore. 

there may take place during the penetration a turning over of the shot, so that the 
posterior or base becomes foremost, and that is exactly what took place in most of the 
rounds fired in this experiment ; for those projectiles which buried themselves in tbe 
ground were found, with reference to the plane of fire, in a position similar to that 
shown in fig, 13.” 

That the axis of an elongated pi’ojectile makes an angle with the vertical plane 
passmg through the production of the axis of the bore, may be proved by experiment 
with the gyroscope. The gyroscope for this imrpose should have a small elongated 
projectile substituted for the disc used for ordinary experiments, and the projectile 
must be made with tbe greatest care, so that its centre of 
Pig. 14. gravity coincides exactly with that of the two rings within 

-x which it Is placed ; the rings are so arranged that one can 

turn round a vertical axis and the other round a horizontal 
^ projectile within being therefore free to turn in 

any direction. A cylindrical portion of metal extends 
\\. y J beyond tbe 'base of the projectile, in prolongation of its 

longer axis, round which the string is wound to give the 
required rotation to the shot, (Kg. 14.) 

If the projectile be made to rotate rapidly, and a pressure 
is exerted underneath its point, so as to represent the pres- 
1 1 sure of the atmosphere, which, in consequence of the axis 

maintaining nearly its primary direction, is greater below 
^ ^ ^ than above the point, and in front than behind the centre 

of gravity, this pressure instead of raising the point of the 
projectile will cause it to move laterally according to the 
direction of the rotation ; if the rotation be “right handed ” the point of the projectile 
will incline to the right, and if “left handed” to the left. Should the pressure be 
greater behind the centre of gravity than in front of it, then the point of the projectile 
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would with a right handed ” rotation move to the left, and with a ‘‘left handed” 
to the right. 

Elongated projectiles cannot, as before observed, be fired from smooth -bored pieces, 
but require a certain velocity of rotation about their longer axes, which is com- 
municated to them in passing through the bore of a rifled gun, and which preserves 
them during their flight from turning over iu consequence of their tendency to rotate 
about their shorter axes. Fired from rifled pieces, elongated projectiles attain much 
longer ranges, combined with far greater accuracy than spherical shot of equal 
diameter, fired from the same pieces at the same angles of elevation, and with equal 
initial velocities. The elongated projectiles from their greater weight are less retarded, 
maintain their velocity much longer, and therefore range further; for a given range 
the elongated projectiles will consequently require a less angle of elevation than the 
spherical shot, their trajectories will be low'er, thereby increasing the chance of their 
striking the object, a greater extent of ground being also covered by them during their 
flight. The effect of a side wind will depend upon the position of the centi'e of 
gravity of the elongated projectile ; should the centre of gravity be far forward, the 
wind will have a greater effect upon the regularity of flight of the projectile than if it 
is as nearly as possible in the centre of figure. This was the case with the ‘^ egg- 
shaped ” bullets* proposed by Robins, the results of experiments with them being 
given by Colonel Beaufoy, in his work called Scloppetaria, “At long distances, that 
is, from 300 to 600 yards, when fired from a gun of ^ inch bore, they were found 
much less liable to deviation than at 200 yards and under, with this peculiarity, that 
in windy weather, whereas balls are usually driven to leeward of the object, these had 
a diametrically opposite effect. It was found, however, that these balls were subject 
to such occasional random ranges, as completely baffled the judgment of the shooter to 
counteract their irregularity.” Their deviations to windward no doubt arose similarly 
to those of rockets, in consequence of the centre of gravity of the projectile being so 
far forward. 

As already explained, with a rifled gun, and elongated projectile constructed upon 
proper principles, the lateral deviation of the latter is reduced to a very small amount, 
and as it may be considered constant for any given range it can be easily allowed for 
in practice. 

As the elongated bullet does not lose its velocity so quickly as the spherical shot, it 
does not require so high an initial velocity, andean therefore be fired with a less charge. 

The greater the length of the projectile in proportion to its diameter, the longer 
will be its range, provided it have a sufficiently rapid velocity of rotation. The 
velocity of rotation must increase with the length of the projectile, its tendency to 
rotate on its shorter axis increasing with the length, hut there are considerable'^ objec- 
tions to this very rapid velocity of rotation, as increased strain upon the metal of the 
gun, great deflection of shot, after striking, &c. 

It is absolutely necessary to have two grooves, a single one would give a wrong 
direction ; some rifles are made with as many as forty grooves, or even more. The 
width of the grooves will of course depend upon the number. Grooves must not be 
too deep, or projections will be formed on the bullet, xipou which the resistance of the 
atmosphere would act injuriously ; deep grooving renders the bore difficult to clean 
and subject to fouling, besides weakening the metal of the gun. If the grooves are 
shallow and numerous, instead of deep and few in number, less resistance will be 


* A great objection to this shaped bullet is that there is no certainty of its longer axis co- 
inciding with that of the bore when placed in, the force of the powder not acting therefore 
through this axis. . 
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otjfered to a projectile which expands or is forced into them by the explosion of the 
charge ; also the cylindrical part of the hnllet will issue from the bore less deformed 
in shape, and therefore less liable to injurious effect from the atmosphere, it will pre- 
serve its yelocity of rotation longer, and in all probability its defection will be 
reduced. 

The inclination of the grooves is a point of very considerable importance, and very 
different opinions are held with regard to the velocity of rotation required for projectiles 
of different lengths. It would appear that no greater velocity of rotation should be 
given to the projectile than is necessary to maintain it during its flight in the desired 
direction with its point foremost ; for the great deflection after striking in consequence 
of a rapid rotation is very objectionable, and should the projectile be a shell the 
pieces would spread laterally to too great a distance. 

The velocity of rotation of a shot will depend upon its initial velocity, and the 
inclination of the grooves or ‘Hwist ” as it is technically called. In order to find 
the yelocity of rotation of a projectile on leaving the bore, divide the * initial velocity” 
(in feet) by the number of feet in which one complete turn or revolution is made by 
the shot; thns in Sir W. Armstrong’s 12-pr. the turn is 1 in 36 calibres {1 calibre = 
3 inches) or 9 feet, and as the initial velocity is 1080 feet per second, 

The velocity of rotation will be =120 revolutions per see. 

Some rifles are made with what is called a “ gaining twist,” the grooves having but 
a slight inclination at the breech, but increa.sing regularly towards the muzzle ; this Is 
the case in the Lancaster rifle. The objection to such an arrangement of the grooves 
is, that a continually increasing resistance is offered to the ball’s progress, while at the 
same time the velocity of the ball is also increasing ; there will consequently he a great 
tendency to strip when the bullet is made of soft material such as lead, but if of hard 
material, as in the case of the xmojectiles of wrought-iron for the Lancaster gun, there 
will he danger of fracture, either to the gun or projectile. 

The form and weight of the projectile being determined, as well as the inclination 
of the grooves, the charge can be so arranged as to give the necessary initial velocity, 
and velocity of rotation ; or if the nature of projectile and charge be fixed, tbe incli- 
nation of the grooves must be such as will give the required results. The most 
important consideration is the weight and form of projectile ; the inclination of the 
grooves, the charge, weight of metal in the gun, &c., are regulated almost entirely 
by it. The charges used with rifled pieces are much less than those with which 
smooth-bored guns are fired, for little or none of the gas is allo^ved to escape by wind- 
age, there being therefore no loss of force ; and it is found by experience that with 
comx^aratively low initial velocities, the elongated imojectiles maintain their velocity 
and attain very long ranges. 


rYaoTECHNt, 

The bags are made of serge, cut out and coinjfleted at tlie Laboratory for all the 
different natures of ordnance, according to the various calibres, their charges, and 
form of the chambers. They are filled by and choked, and have one or more 

bands, according to the dimensions of the cartridge, to add to its strength and 




^ From the Roy.'il Laboratory, Woolwich, by permission of Liout.-Col. Boxer, Supcihitcudcnfc. 
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security. Cannon 'cartridges vary in weight from 20ibs. for the CS-pr. of 112 cwt. 
down to 6 ozs. for the 1-pr. brass gun amusette. 

Fig, 1 represents a filled car- j’ig, i. 

Iridge for 32-pr.] 

Fig, 2. represents a filled car- 
tridge for 24-R>. howitzer. 

All filled cartridges supplied to ^ 

Sailing Yessels of the Royal ITavy | /? . 4 JPoP ^ 

are stowed in square wooden cases, |i ^ J| 

copper-lined, the mouth of which || |j||| U jl£<7VK- M 

is firmly secured with a luted || — 

hung, and again hy the lid of the i | k im 

case, fastened with a metal key, | ^ ’I ff \\ tifS 

and on the lid is marked its con- 'll i ' fe W 

tents. These different cases are It ^ 
distinguished hy &?acX’ when 
they contain the distant charges, 

— hy for the full charges, 

and by v&tl letters for the reduced charges. 

Fig. 3 represents a whole case, closed. Fig. 4, the same open. 

Fig. 5, the same, side yiew, showing the rope-handles. 

Fig. 3. 
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All filled cartridges for n.M. steamers are stowed ia- metal cases, the moutlis of 
which are similarly secured, and the lids marked with their contents, in colours, as on 
wood copper-lined eases. They are of pentagonal form ; the number of filled 
cartridges they will contain is tlie same as the wooden cases, and, like them, they are 
also divided into whole, half, and quarter cases. There are also sectional cases, for 
filling up the sides. 

Fig. 8. 


Fig. 8 represents the plan of a metal case, with a sectional case to hold rifle 
ammunition. 

iV^Oifc.— All boat ammunition for steamers is stowed in metal -lined cases, the same 
as for sailing vessels. 

Filled cannon cartridges for Land Service are kept in magazines, stowed in ammu- 
nition boxes. These cartridges are, however, generally limited in number, according 
to circumstances. 

Storekeepers and others in charge of magazines are supplied with cartridge bags 
ready for filling when required. These empty bags are now sent to stations at borne 
and abroad, and for both Land and Sea Service in pressed bales, containing number's 
varying from 200 to 500 and upwards. A screw hand-press, capable of considerable 
power, is used for this operation. A covering of oil-cloth is also pressed over the 
hags, together Vfith a stout canvas covering, well secured and marked. 
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Eiflo Cartridges, por tlic construction of a cartridge tlie paper is cut into tliree uneq.ual trapeziums. 

Two of tLese are rolled together round a former, to make the powder cylinder, the 
end of the longer one being folded up into a hollow at the bottom of the former, into 
which the paper is pressed with a forming-plug, shaped like the head of a bullet. The 
point of the bullet is pressed into the cavity thus formed, and the other paper is then 
rolled round the bullet and cylinder, the lower half-inch being folded on the base of 
the bullet, and there tied. A narrow band is pasted round the cylinder, to cover the 
top of the outer paper. (Pigs. 11 and 12 are half-size.) The former is then with- 


Fig. 11. Former. 



drawn, and the cartiddges are placed upright in rows in a hox. They are then filled 
successively by a machine, and after each has received the proper charge, the top is 
choked by taking the open end between the finger and thumb, and twisting the paper 
once round close to the powder. 

Cartridges, of all natures, are placed together in bundles containing ten each': 
for ball-cartridges a slip of paper is used, the cartridges being placed with the balls 
end to end, over and under the slip ; they are then packed in strong white wrapping 
paper, tied across each way, and on the paper is printed the nature of cartridge and 
charge. Blank cartridges have no slips of paper between them, and are packed in 
purple paper, the same as the cartridges are formed with. 



Fig. 13, machine for filling small-aim cartridges, with the lever or handle by which 
the measures are moved, and which is fixed at- a. 









and poured into moulds (fig. 14), of whiclx tliere are three to each bench, employing 
two men, one casting, the other remoying the balls from the moulds with a pair of 
pliers, and placing them in a box. The services of one man are also required to 
Fig. 15.— Nipping Macliine, 
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The measures are fixed vertically in a circular plate, opposite to each other, with an 
axis between them, upon which they work between two other plates. 

On the top of the plate a hopper is fixed, communicating alternately with the 
measures and filling them ; and on the opposite side, in the bottom plate, is a hole 
with a spout, through which the discharge takes place. The plates are framed 
together by three pillars having double adjusting nuts on each, to i-egulate the 
distance of the plates. 

The measux*es are moved by a handle or lever, the motion of which is limited hy 
the pins, and which, while it presents one under the hopper to receive, places the 
other immediately over the discharging hole for delivery, so that the two operations 
of filling and discharging are going on at the same moment. The bottom of each 
measure is contracted, to retard, in a small degree, the discharge, so as to secure one 
measure being filled before the other is emptied. A hole is cut in the top plate over 
the discharging measure, hy which it maybe ascertained that it is always full, as 
well as that the whole contents are delivered. 

Note, — Ball-cartridges for all arms are packed in quarter-barrels, and blank 
cartridges in half-barrels. The corresponding number of copper caps, with 50 per 
cent, additional for the former, and 10 per cent, additional for the latter, are packed 
in zinc cylinders, placed in the centre of each barrel. 

Ball, Spherical, Spherical balls are now used only for the diaphragm shell. They are made of a 
composition of lead and antimony. The metal is melted in a large round iron pot, set 
in brickwork, but must never be made red-hot. The metal is dipped out with ladles 
Fig. 14.— Ball or Bullet Mould. 
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of water is kept under eacli benok, to cool tbe moulds ; but in so doing, it must be 
particularly observed tliat tbe moulds are only to be dipped into tbe water when tbe 
balls are in them, and also that they are kept tight, to prevent tbe water getting 
within, whieli would be dangerous to tbe men casting. 

iVte— Two boys nip tbe same quantity as three men cast per day, and in this 
operation one boy cuts off tbe backs with the nipping machine (fig. 15), and tbe other 
afterwards examines the balls. These boys also change alternately. 

.Eufield Bullet. The bullet now in use is known as the Enfield ; it is cylindro-ogivale in form, 
with a truncated conical hollow at the base, into which a hard wood plug is inserted. 
It is l‘O05 inch long arid *55 inch diameter. The mode of forming these bullets is 
as follows The lead (which should he pure) is melted in an iron pot, and then run 
into a strong iron cylinder, holding about 44 to 5 cwt., and made with an aperture 
about 8 inches diameter at the top. Above the cylinder is fixed a strong block of iron 
with a plunger or ram, of the same diameter as the aperture in the cylinder, attached 
below it. Both block and plunger are perfoi'ated throughout their length, and a die, 
having a hole through it of the proper diameter, is inserted in the bottom of the 
• ram. After the lead has been allowed to cool for about ten minutes, the cylinder 
containing it is forced upwards by hydraulic pressure till the plunger enters it, when 
the lead is squirted up through the die, and comes out at the top of the block in the 
form of a continuous metal rod, which is then drawn over, with a woollen shield to 
the hand, and wound on a reel. 

The rods are nextumimd off on to other reels suspended over the bullet-forming 
machines, four of which, when in gear, are set in motion by one band and two fly- 
wdieels. Each of the fiy-wheels acts upon a heavy cross-head, which works, with an 
alternate motion, a long bar with a nipple at each end, by which the cavity in a bullet 
is formed. This cross- head moves two iron hands, which press on the teeth of a 
pinion at each end alternately ; the pinion works a roller, which by friction on another 
roller draws down th e leaden rod and guides it between a pair of nippers, which cut off 
the right length of rod, and opening, drop it down, and catch it below at the moment 
when the before-mentioned nipple reaches that point, and presses the lead into a hole, 
giving the form of the front of the bullet, while the nipple makes the cavity and 
stamps the government mark. As the nipple withdraws, a lever, acted upon by a 
cam, pushes forward a part of the mould, and throws out the bullet completed. 

Fig. 16 .— Elevation of Bullet. Fig. IT.— Section with plug. 



.BalU, LiyM. Llght-balls are of four different natures, called 10-inch, 8-inch, 5|-inch, and 4|-inch. 

Their form is oblong. The skeletons are made of wrought iron, and are coated 
with canvas called Osnaburg, which is 24 inches wide. The/eanvas must be cut 
sufficiently long to wrap twice tightly round tbe skeleton, and stitched first up the 
seam^ and then at the top and bottom of each bar, with a needle and twine, taking 
care to clip the canvas with a pair of scissors opposite each hai', and then turning in 

composition coining out 



Composition 
for ground 
light-balls. 
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wRen tlie skeleton is being filled. Four holes are to be cut in the quarters for filling 
and priming. 


lbs. oz. dra. 

Saltpetre, ground 6 4 0 

Sulphur ... . ... 2 8 0 

Resin, pounded . , . . . . 1 14 0 

Linseed oil, boiled . . . ..07 8 

The method of preparing the composition is the same as for carcasses. 

It must be observed, while filling, to press the composition well to the canvas, 
inside, to make it as round as possible, and after it is well filled, put in tbe wooden 
plugs for forming the priming-holes. These plugs must be well greased and fastened 
down, and the hall then put by to cool. They are next to be woolded with such sized 
quilting line as will admit of their passing freely through the gauge. The plugs are 
then taken out and the holes driven with fuze composition, the same as fuzes ; and 
as the holes run the same size as the bores of fuzes, tbe same sized drifts wull answer 
for driving them, — then primed with quick-match, and the holes covered with paper. 
The whole receives two coats of lead-coloured paint, and afteiuvards a barras cap, 
kitted and put over tbe top, and sprinkled with sawdust. 


TabU of the WeighU of Ohhng Light- Balls. 


Suspended 
Light Balls. 


Nature. 

Empty. 

Coated. 

Filled. 

Woolded. 

Primed. 

Finished. 

lO-ineh. 

lbs. oz. 

33 0 

lbs. oz. 

S3 10 

lt»s. oz. 

68 14 

lbs. oz. 

69 8 

lbs. oz. 

70 4 

lbs. oz. 

71 2 

8 „ 

15 12 

16 1 

32 14 

33 2 

S3 10 

84 0 

5i „ 

1 8 

1 10 

8 6 

8 8 I 

8 9 

8 12 


1 2 

1 4 

4 9 

4 11 

4 12 

4 14 


These are provided wuth an apparatus by which they are rendered capable of 
remaining suspended in the air for a short period over an enemy’s works. They are 
composed of 

''lbs. oz. 

Saltpetre . . . . . . . 7 0 

Sulphur ... . . . . . 1 12 

Sulphide of arsenic , . . . . . 0 8 

Smoke-balls are of five different natures, viz., IB-incb, 10, 8, 5|, and 4|-inch. 
The cases are formed on a wooden ball, which is made of ash or other hard wood. 
This ball is to be well greased with tallow, to prevent the paper which is to form the 
skeleton from sticking to it. The paper is cut into strips about 3| inches wide, and 
long enough to wrap once round the ball or former. These strips are put into water, 
and when soaked a little, are to be taken out and pasted : one of these is then laid 
round the former, commencing at a certain point, and brought up to it on the other 
side. Both sides of the paper are to he notched with a pair of scissors, and the 
clipped parts laid regularly down, not allowing one of the pieces to lay over the other. 
Two round pieces of paper are then cut and pasted on each end ; these must also be 
clipped to make them lay close to the former. The first coat should only be slightly 
pasted ; a second coat is then put on in the same manner as the first, except that 
the long slip is laid the contrary way. In this manner the ball is to receive four coats, 
laying the paper the contrary way each coat. It must then be left to dry, and when 
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quite so, it is cut tbrougL with a sharp knife down to the wood, nearly all round, 
leaving about If inch to form a hinge. The case is now to he opened by tapping it 
gently all over with a small mallet, and easing it with a knife until the former will 
come out. Strips of paper are then pasted over the' joint, pressing it equally together. 
When it is perfectly dry, four more coats are put on as before, and so continued unti 
the ball is brought up to the gauge. The fuze-hole is next bored with a Eeimer, and 
then enlarged to the proper size with a round hot iron. 


mg. 19 . 



The first four coats of paper cub through, 
to get out the former. 


Table of the Dimensions of Formers and Wood Gauges for Smohe-Ball Cases. 


Nature. 

Diameter of. 
the wood baP 
or former. 

Thickness of 
paper 
complete. 

Diameter of 
wood 
gauges. 

Diameter of fuze-hole. 

At top. 

At bottom. 

13-inch 

10 „ 

8 „ 

„ 

4* 

Inches. 

11-3 

8*6 

6-65 

4 ‘75 
3*75 

Incli. 

1-45 

1'15 

1-1 

•79 

•65 

Inches. 

12-75 

9-75 

7-75 

5-54 

4-4 

Inch. 

1*837 

1-57 

1*325 

•894 

•832 

Inch. 

1-696 

1*45 

1‘227 

•826 

•769 


fi)S. oz. 

Composition. — Corned Powder, bruised . . . . .50 

Saltpetre, pulverised . , . . ,,10 

Sea-coal, pounded . . . . . .18 

Swedish Pitch , . , • ... 2 0 

Tallow . . . * . . • • 0 8 


The pitch and tallow are put into an iron pot, fitted into a copper, and filled with 
common sweet oil, which is made very hot; the saltpetre and sea-coal are then 
added. These ingredients, when well amalgamated, I’emam over the fire about a 
quarter of an hour : it is then transferred into a cooler pot, to prevent accident when 
the powder is added. The whole is mixed well together. The composition is then 
taken out and placed upon a board to cool, and small portions at a time are taken in 
the hand to fill, and pressed in with a wooden drift. A wooden plug is put in for 
forming the priming-hole, and which must he well greased and tied down, to prevent 
the composition from forcing it out. When cold, the plug is taken out, and the 
hollow driven with fuze composition, and primed with quick-match, the same as a 
common fuze. 




TOn. iir. 
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The following ai'o the proportions of dry composition put into smoke-ballSj for the 
purpose of occasionally clearing the vent : — 

2 
2 


Forl3.moh j 

( Sea-coal 

„ lO-iacU 

( Sea-coal 

8-lacli 

(Sea-coal 


One of these proportions is put 
into the case each time, viz. 
when ^ filled, | filled, and f 
filled, according to the nature 
of the smoke-ball. 


For the 5i and 4|-inch, a small quantity of each put in twice is sufficient. 

Smoke-balls have lastly three coats of lead-coloured paint on the outside. 

All copper caps for the service of the Army and Navy are manufactured at the 
Royal Laboratory, and are of one pattern only for every nature of small-arm. The 
Government caps differ in make and form from those of general manufacturers. There 
is more copper in them, having a flange or rim, for the purpose of giving a firmer 
hold to those using them: a more extensive process is also adopted, to secure the 
composition from deterioration, either from damp magazines or the effects of climate, 
to which the caps are exposed in every part of the globe. 

The copper is annealed, to render it less brittle, and is pickled in dilute sulphuric 
acid, to clean off the effects of the fire. The sheets are then cut into strips either 
Fig. 20. 2 inches or 2| inches wide, the former to make three, the latter 

four, caps in width. The strips are next oiled, and then placed in 
a machine, where they are drawn through rollers and cut into 
crosses | in. diameter. These crosses are received in a die, which 
forms the caps and affixes the government mark to each. As soon 
as one strip leaves the machine another is inserted and the process 
repeated. The caps are then shaken in a drum with saw-dust, to 


remove the oil, and afterwards arranged in brass plates for loading, each plate con- 
taining 1000 caps. 

The plate of 1000 caps is then passed to the loading machine to receive the charge, 
which consists of fulminate of mercury and chlorate of potassa, with a very small 
quantity of finely-powdered glass. The composition is next pressed firm into each 
cap by a machine, and then receives a coating of varnish, consisting of a mixture of 
shell-lac and spirits of wine. This varnish affords great security in resisting damp 
and the effects of climate, and fixes the composition firmly in the cap. The caps are 
placed upon a steam-bath, to dry and harden the varnish. They are once more 
shaken in a drum containing very fine saw-dust, to render them perfectly bright, and 
are then ready to he packed for service. 

Copper caps for the Land Service are first packed in parcels of 15 each for 10 rounds 
of hall-cartridge. Six of these parcels are then placed into one, making the due pro- 
portion of caps for 60 rounds of ball, and are thus stowed in zinc cylmders with' the 
ammunition. Blank cartridges have 25 caps similarly packed for 20 rounds, and 
75 for 60 rounds. 

Copper caps for the Naval Service are placed in stone jars, glazed witMn and without, 
and secured at the mouth with a covering of India-rubber, each Jar containing 1000 
loose. caps. 

The usual rate of manufacture is ahout 2,000,000 caps per week. 

Carcasses for Laud and Sea Service are of eight different natures, viz. 13-inch, 10, 
8, 6|, and 4|-inchj 42-pr., 32- pr., and 18-pr. The skeletons or cases are similar to 
common shells, but with three or four fuze-holes, and the ingredients for filling as 
follows : — 
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Saltpetre, ground 

.6 

02. 

4 

Sulphur, ditto . 

. . . . 2 

8 

Resin, pounded . 

. . . . 1 

14 

Antimony, ditto 

. . 0 

10 

Tallow 

... . 0 

10 

Venice Turpentine . 

... 0 

10 


The dry ingredients are -well mixed together with a copper slice, and afterwards 
passed twice through a fine hair sieve, The turpentine and tallow are put .together 
into an iron pot {which fits into a copper containing ahont 27 gallons of oil), to he 
well melted; the dry ingredients are then added, stirring with an iron paddle for 15 
or 20 minutes, until the sulphur begins to run. The whole is then taken out of the 
pot with a ladle, a little at a time, and laid to cool on the lead covering of the copper. 
Before the filling is commenced, corks are driven into all the holes except one. The 
carcasses are then filled hy forcing in the composition with a wooden drift through a 
tin funnel, taking great care that it is filled solid ; the corks are next taken out, and 
priming-plugs, well greased, are forced in and fastened down until the composition is 
quite cold. These plugs are then withdrawn, and all the holes driven with fuze 
composition and primed with quick-match, the same as common fuzes. Lastly, a 
harras cap, kitted and cut larger than the holes, is laid on and sprinkled with sawdust. 


Tabic of the Weights of Round Iron Carcasses, 


Natures. 

Empty. 

Weight of, 
composition. 

Total Weight. 

cwt. 

qrs. 

lbs. 

02. 

lbs. 

02. 

cwt. 

qrs. 

lbs. 

02. 

13 -inch . . 

1 

2 

27 

0 

17 

14 

1 

3 

16 

14 

11^ >, . • 

1 

1 

3 

8 

10 

8 

1 

1 

14 

0 

10 „ . . 

0 

8 

6 

4 

7 

4 

0 

8 

13 

8 

8 „ . . 

0 

1 

20 

0 

2 

. 14 

0 

1 

22 

14 

64 >» • • 

0 

0 

15 

6 

1 

Si 

0 

0 

16 

H 

i) * • 

0 

0 

8 

6 

0 

7 

0 

0 

8 

13 

42-pr, . . 

0 

1 

0 

14 

1 

12 

0 

1 

2 

10 

32 ,, . 

0 

0 

23 

34 

1 

H 

0 

0 

24 

8 

18 ,, , . 

0 

0 

13 

12 

0 

11 

0 

0 

14 

7 


Fum, }Vood, Woodeu fuzes are of two classes, viz, gun and mortar, 13-inch, 10, 8, 5|, and 
4|-inoh, and are of the four following dimensions : — 


Nature. 

Total 

Length. 

Exterior. 

Diameter. 

Cup. 

Bore. 

Length of 
solid bottom 

Top. 

Bottom. 

Diam. 

Depth. 

Diam. 

Length. 


Inches, 

inches. 

inch. 

inch. 

inch. 

inch. 

inch. 

inch. 

13-inch ) 









10 „ \ 

7-4 

1*565 

•77 

•8 

•3 

*37 

6*6 

' -S'; 

^ >> / 
Si „ > 
4S „ \ 

4-1 

1-09 

•67 

•62 

•25 

-275 

3*65 

*2 

■*5 JJ J 

Common 

3-15 

1-09 

•75 

•62 

>25 

•275 

2-6 

•3 

Diaphragm 

2-0 

1-09 

•87 

•62 

•25 

•275 

1*6 

•15 


The 13 -inch fuzes are graduated to 8 inches ; the 10 to 7 inches; the 8 to 6 inches ; 
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the 54 to 4 inches ; and- the 4| to 3 inches, and subdivided into *2. The 8 and SJ-inch 
spherical are graduated to- 1 inch, and also subdivided into •2. These fuzes are driven 
■with fuze composition, one inch of which must burn five seconds, neither more nor less, 
or the calculation for firing shells -would be rendered useless. 


JPvzeB, Metal 
{Naval Sf^rvice), 


ligliiSy Signal 
md LoTip, 


Composition, 


-Saltpetre, pulverised 
Sulphur, sublimed 
Pit-mealed Powder 


31fes. 4 02. 
Ife. 

2ms. 12 02. 


The above-named ingredients are mixed well together by a copper slice, and then 
passed through a fine hair sieve three times, and afterwards through a lawn sieve. It 
is then to be well rubbed with the hands, and with a copper shovel put into the 
composition tub. 

It is to be observed, that unless the composition is well mixed, it will not answer 
for fuzes, as their efficiency depends upon the manner of mixing and driving the 
composition ; that no other powder will answer for fuze composition but that which is 
made of pit charcoal; and that for all composition in which charcoal and mealed 
powder foi*m a part, the sieve in which it is mixed must have a top and bottom, to 
prevent the finer particles from flying about, which would not only he disagreeable to 
the mixer, but would rob the composition of its strength. 

, The fuzes_ are set in a frame, and the composition (previously formed in little pellets) 
placed in them. The frame is then forced up by hydraulic pressure against a fixed 
block provided with drifts, which enter the . fuzes and press the composition firmly 
together. 

The fuze is placed in a socket, and a little of the composition on the top loosened 
with a pricker. The quick-match is cut to the proper length required, doubled, and 
put into the centre of the cup with a mallet and drift, then a ladleful of pit-mealed 
powder, pressed in firmly enough to lift the fuze out of the socket; and the ends of 
the quick-match are laid inside the cup. Lastly, a mixture of mealed powder and 
spirits of wine is laid over the match, and the top dipped into mealed powder, and 
then the fuze is set aside to dry. ' ■ 

A circle of strong rocket-paper is cut to the size of the fuze and laid on the cup, 
■with a piece of tape attached ; a tin cap is then laid over it and left till the shell is in 
the gun or mortar, when it is removed by means of the tape. 

Metal fuzes are of three natures, viz. the 74 seconds fuze, driven with mealed 
powder ; the 20 seconds fuze, driven with fuze composition ; and Moorsom’s percussion 
fuze. ■ . ' ■ - . •■■■ ■■ , ■ 

The time fuzes are driven and primed precisely the same as wooden fuzes, hut instead 
of being capped as above, have a screw metal cap. The holes for ignition are bored right 
through the metal, and a cylinder of rocket-paper is inserted to contain the composition. 

The fuzes are screwed into the shells, the holes of which are houched with metal to 
receive them; they are screwed in to the right hand, and the cap to the left, so that 
the latter when unscrewed may not disturb the fuze. 

Note , — The diameter of the fuze-holes for all natures of shells fitted to receive metal 
fuzes is precisely the same. 

The following is the composition for signal and long lights : — 


Saltpetre, ground . 
Sulphur, do. 
Sulphide of Arsenic 


0 oz. 

12oz. t - 

80Z, 


The cases are made of brown paper, slightly pasted and rolled on a wooden former, 
in the same manner as common portfire cases : they are made to the same diameter as 
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tlie l-B. signal rocket, tke same cylinder-gauge "being nsed for tkem. Tke long light 
case is cut to the length of 9 *25 inches, one end of which is perforated at an inch from 
the bottom, to allow a wooden pin to pass through it, for the purpose of attaching the 
handle to the case. 

Long lights are driven on a wooden nipple, 2 inches in length, and of the same 
diameter as the cylinder former for the 1-lfo. signal rockets. A circle of paper, of the 
same diameter as the interior of the case, is placed on the nipple, and a ladleful of 
clay driven hard upon it; then pellets of composition are put in, and pressed hard in 
succession hy means of the hydraulic press, in the same manner as the fuzes, till the 
case is nearly Ml, when it is taken off the nipple, and primed, and a sort of small 
fidction-tube inserted, which, 
when pressed, ignites the prim- 
ing. They afterwards receive two 
coats of paint, A long light will 
burn five or six minutes. 

The signal light is made in exactly the same manner, but the composition is only 
Match Quick. about 1 inch thick, and burns about one minute. 

The following is the composition of quick-match : — 

Cotton . . Iff). 12oz, 

Cylinder-mealed powder , , . . lOffs. Ooz, 

Gruni- water ...... 4 quarts. 

The saltpetre is put into a pan and the end of the wick secured to one of the 
handles to unwind the cotton from the bale ; the last end is fastened to ’ the other 
handle of the pan ; the water is poured upon the cotton, which is then covered with 
one-third of the mealed powder, and so left for about six hours to get well soaked : 
the last end of the wick is then secured to one of the handles of another pan, and the 
wick drawn gently through the hand into it, taking care that no part of the cotton 
passes uncovered. The second portion of the mealed powder is then added, and the 
liquid in the first pan poured upon it, and left to stand the same time as before. One 
end of tbe wick is next fastened to the reel, and wound on to it tight. When the 
whole is wound out of the pan, the reel is taken off the stand, and laid on two 
battens on the table. Next sift half the remaining powder equally over the upper 
side, and turning the reeling-frame, sift the rest over that side. The match is then 
set aside to dry. 

Slow-match is merely hempen rope loosely twisted and dipped in a solution of 
saltpetre and lime-water. 

Note. — A yard of slow-match will burn about three hours. 

Portfires are of four different natures, viz. Common Portfires, Percussion Portfires, 
Miners’ Portfires, and Slow Portfires. 

One-third of the sheet of paper used for this purpose is cut off lengthwise, and the 
whole is pasted thinly all over; the part cut off is then placed on the centre of the 
remaining two-thirds, and with the iron former, well pasted, is x’olled on it upon a 
board for the purpose -. when supposed to be sufficiently rolled, it is tried with a gauge 
7-lOths of an inch in diameter, adding or reducing the paper accordingly. The 
former is next taken out, and the case laid to dry, 

* B . . . . . 2 libs. 

Powder, cylinder-mealed . . . . . lib. 

Saltpetre, pulverised . . • . . 6 ibs. 

The case being thoroughly dry, the bottom is turned in with a brass piicker, 


Matchi Slow, 


PortJircSf 

Common. 
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to form a good bottom. It is then placed in the mould with the setting drift in it, 
■which is driven to the bottom of the case with a few blows of the mallet ; the 
mould is then screwed up tight, and the drift tahen. out. A wooden cup, to prevent 


2S 




25. Wooden CTip. 

26. Handle for 
hridle. 

27. Brass 
pricker. 

28. Pid. 

29. Iron former. 

30. Mould. 

.31. Setting' drift. 

32. Pirst drift, 
tipped with 
"brass. 

33. Second do. 

3L Third do. 

35. Fourth do, 

30. "Wrench. 

37. Ladle. 

88. Mallet. 



waste of the composition, is-placed on the mouth of the case, above the top of the 
mould, and the case is cut off level with the inside of the eup, and opened with a 
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wooden fid, to admit tie drift. Commence driving "by taking a ladlefulof composition 
and the longest drift, giving it fifteen blows with a 10-inch fuze mallet: when the 
composition is high enough, the second drift is used, and afterwards the third and 
fourth. When the portfire is driven, the cup is taken off, and the case cut off level 
with the mould. Portfires are primed with mealed powder and spirits of wine, and 
receive two coats of paint before they are issued for service. 

Note . — 'A common portfire will burn fifteen minutes. 

Torfflm, Per- The cases are made of signal-rocket paper, folded and cut in the same manner as 
for |-lb. signal rockets. The paper is thinly pasted all over and rolled on a former ; 
it is then taken off the former and dried, and one end turned in to form the bottom, 
and afterwards cut to the length of lOf inches. The collars and caps are made of the 
same kind of paper as the cases, and rolled on a wooden former 1*S inch in diameter, 
and brought np to the l“ih. signal rocket cylinder-gauge. The piece formed for the 
cap is choked at one end, tied with Dutch thread, and trimmed with a sharp knife to 
form a neat rose. On the top it is ent to the length of 2*8 inches : the collars are of 
the same diameter, and cut to three-quarters of an inch long. 

Brimstone, sublimed . . . . . 4 ibs. 

Powder, cylindez'-mealed 1 lb. 

Saltpetre, pulverised . ... .8 lbs. 


These portfires are driven in a ij-ib. signal-rocket mould, having two screws at the 
bottom to secure it ; eighteen blows 
are given to each ladleful of com- 
position with a pound signal-rocket 
mallet. When the composition is 
within half an inch of the top of 
the case, the portfire is taken out 
of the mould and cut to the length 
of 94 inches. The edge of the 
case is trimmed a little lower than 
the composition, so as to form a 
round top. A tin point or cone, 
filled -(fith, ream, is fitted to the 

40. Mould, bottom or turned-in end, moulding 

41. Tin Point. xt, r j x -xi. i -xx t 

the clipped parts over with, kitted 

twine, and pasting a slip of fine 
white paper over it : the collar is 
glued on at the mark made by the 
gauge. When dry, the paper cap 
, is fitted on, and they receive two 

coats of paint. 

The percussion priming is added 
to these portfires at the stations 
where they are used (principally 

for the Coast-Gruard), and is simply a small glass globule containiug sulphuric 
acid. This is imbedded in loose composition, which ignites on the globule being 
broken. '' ' 

A percussion portfire will burn five minutes. 

mnmN The cases are made of fine white paper by cutting the sheet into six equal parts ; 

one of these parts is thinly pasted about ftbs of an inch on one edge, and rolled 
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tightly oa an iroa former; when this is sufficiently done, they are laid to dry, previous 
to filling. 

Saltpetre, pulverised . . . . * 8 oz. 

Sulphur, sublimed 8 oz. 

Powder, cylinder-mealed lib. 


Fortfires^ Slow. 


A copper funnel is placed in the mouth of the case, turning in the other end to 
form a bottom. Fill the funnel full of composition, and put the drift through into 
the case, keeping it moving till it is nearly full. These cases may be joined together, 
to make any length re<iuired, by cutting offi the end that was turned in, and placing 
it in the mouth or open end of another case, and securing it with a piece of Dutch 
thread. 

Miners’ portfires are packed for store in brown-paper parcels containing 100 each. 

The paper, which is called blue sugar-loaf paper, is wetted by dissolving 12 ounces 
of saltpetre in one gallon of water; each sheet is wetted separately on both sides 
with a brush, one side being dried before the other is made wet : when both sides are 
thoroughly dry, they are to be well rolled with a rolling board until they are hard and 
solid ; the outer edge is then pasted and laid closely down. In rolling these portfires, 
one end should be formed conical, and the other cut off fair to the length of 19 inches. 

Slow portfires bum from three to four hours each. 

Congreve rockets are of four different natures, viz. 24-pr., 12, 6, and 3-prs. The 
cases are made at the Laboratory, of wrought iron, and although upon a much larger 
scale, are driven upon the same principle as signal rockets. The power is given hy 
the fall of what is termed a monkey, the weight of which is in proportion to the 
. nature of the rocket to be driven, 

CoDgreve rockets may be used either as shot or shell rockets, and the shell made to 
burst either at long or short ranges, as required. .Every rocket is fitted with a fuze 
screwed into the base of the shell ; this fuze is as long as the size of the shell will 
admit of, so as to leave sufficient space between tbe end of it and the inner surface of 
the shell, for putting in the bursting powder ; and the end of the fuze is cupped, to 
serve as a guide in the insertion of the boring-bit. There is a hole in the apex of the 
shell, secured bya screw metal plug, 'for putting in thebursting powder and for boring, 
according to the different ranges at which it may be required to burst the shell. 

The following stores and implements form part of the present Docket Equipments ; 

Bursting powder, fine-grain, made up in bags, and marked according to the nature 
of the rocket. 

Funnels for loading the shells. 

Boring stocks or braces. 

Boring-bits, of the same diameter as the fuze composition, fitted with brass gradu- ■ 
ated scales, and of a length sufficient to bore to within 1| inch of the top of the 
cone in the 21-pr. rochet, and to within 1 inch of the top of the cone in the 12, 
6, and 3-prs. 

Turnscrew-bit for the plug. 

Grease for the boring-bits. 

In Field Service, the bursters are carried in the limber-boxes, in canTas cartoucbcs 
similar to those in which the field ammunition is carried, and the small stores in abox 
on the body of a carriage opposite, and corresponding to tbe slow-match hox. 

Bor Her Majesty’s Ships of War, the bursters are issued in the metal-lined cases of 

the Seryice, and the small stores in a box made for the purpose. 

For Garrisons or other occasional demands, the bursters are issued in the packing 
cases now in the Serrice, and the smaE stores in a box made for the purpose. 


*1 
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If tbe rocket is to be nsed as a shot rocket, the only tking to be attended to is to 
take care that there is no powder in the shell, and that the plug is secured in the plug- 
hole. If the rocket is to be used as a shell rocket at the longest range, the plug is to 
be taken out and the shell filled, the fuze left at its full length, and the plug replaced. 

If at the shortest range, the fuze is to be entirely bored through, and tbe rocket 
composition bored into, to within 1| inch of the top of the cone in the 24-pr. rocket, 
and to within 1 inch in the 12,' 6, and 3-pr. rockets. The distances from the surface 
of tbe shell to the top of the cone, and from the surface of the shell to the end of the 
fuze, and also the length of the fuze, being fixed and known, the place on the boring- 
bit at which to screw the stopper', whether for various lengths of fuzes, or lengths of 
rocket composition to be left over the cone, is easily determined : these distances are 
marked on the brass’ scales for each pature of the rocket ; and the length of rocket 
composition available for boring into, and the lengths of fuse, are also set off and suh- 
divided into tenths of an inch. 

^i-Pomiders, — If the whole length of the fuze is left in the shell of the 24-pr. 
rocket, it may he expected to burst at about 3300 yards ; elevation 47 degrees. 

If the whole of the fuse composition is bored out, and the rocket composition left 
entire, the shell may he expected to burst at about 2000 yards ; elevation 27 degrees. 

If the rocket composition is bored into, to within 1*5 inch of the top of the cone, 
the shell may be expected to burst at about 700 yards ; elevatiou 17 degrees. 

12’Pou7iders . — If the whole length of fuze is left in the shell of the 12-pr. rocket, 
it may be expected to burst at about 3000 yards ; elevation 40 degrees. 

If the whole of the fuze composition is bored out, and the rocket composition left 
entire, the shell may be expected to burst at about 1300 yards ; elevation 20 degrees. 
If tbe rocket composition is bored into, to within 1 inch of the top of the cone, 
the shell may he expected to hurst at about 500 yards ; 10 degrees’ elevation. 

^-Pounders, — If the whole length of fuze is left in the shell of the 6-pr. rocket, it 
may be expected to burst at about 2300 yards ; 37 degrees’ elevation. 

If the whole of the fuze composition is bored out, and the rocket composition is left 
entire, the shell may be expected to burst at about 950 yards ; elevation 15 degrees. 

If the rocket composition is bored into, to within 1 inch of the top of the cone, 
he shell may he expected to burst at about 500 yards; elevation 10 degrees. 

Z-Pound&rs,’--li the whole length of the fuze is left in the shell of the 3-pr, 
rocket, it may be expected to burst at about 1850 yards ; elevation 25 degrees. 

If the whole of the fuze composition is bored out, and the rocket composition is left 
entire the shell may he expected to burst at about 750 yards ; elevation 12 degrees. 

If tbe rocket composition is bored into, to within 1 inch of the top of the cone, 
the shell may be expected to burst at about 500 yards ; elevation 8 degrees. 

Signal rockets are of two natures, viz. l-lfe. and ^-Ib. rockets. The cases are made 
of sheets of strong paper, which are 2 feet 5 incites in length and 1 foot 11 inches 
in width. They are turned upon a brass turner by taking one turn round it, and 
keeping the paper very tight with the left hand ; it is then pasted tbinly within 8 or 
4 inches, and rolled up. The base is then next taken to a press and rolled, by turning 
it round lightly at first, until it is set to the former. A weight is put on the press, 
and the former turned by the handle until it is of proper size to admit the case passing 
through the cylinder-gauge, adding or reducing the paper as required. It is then 
removed from the former to be choked, which is done by placing the hide round ‘it, 
close up to the cylinder-gauge, and pressing the treadle with thefoot, working the case 
at the same time. It is then tied tight with six or seven half-hitches of packthread. 
Slip the gauge to the bottom of the case, and set the choke on a nipple by putting 
in the setting stick, and giving it eight or nine blows with a mallei It is then marked 
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a gauge to the length it is to he cut, and, when sufficiently dry, the case is ready 
for driying. 

The process for forming all signal-rocket cases is precisely similar for each size, 
except in the weight used upon the press, which is 1 cwt. for the 1-ib. rocket, and 
i cwt. for the |-lh. rocket. (See figs, 42 to 49.) 


Saltpetre, pulverized 
Sulphur, sublimed 
Dog-wood charcoal 


4 lbs. 
lib. 

1 ih. 8 oz. 


The charcoal is placed on a tray lined with copper, and rolled with a gun-metal 
roller until it is fine enough to pass through a wire sieve, 17 meshes to the inch. 
The saltpetre and sulphur are put in a mixing tray, and well amalgamated with a 


42. Brass 
former, 

43. Cylinder- 
gauge. 

44. Cutting 
stick. 

45. Kippic 
former. 

46. Nipple. 

47. Setting 
mould. 

48. Press. 

49. Length- 
gauge. 




copper slice, and then passed through a fine hair sieve. The portion of charcoal is next 
spread thinly over the tray, and the other ingredients sifted over it, the whole being 
well mixed together with the hands. It is then passed four times through the wire 
sieve, and any portion not passing must again be rubbed sufficiently fine to do so. It 
is then taken up with a copper shovel, and put into the composition box ready for use. 

The slip-gauge is first put down to the bottom of the case, which is marked with a 
pricker through the hole in the gauge, on the exterior of the case ; the diameter- 
gauge is then taken, and the bottom pin placed in the hole made by the pricker : the 
pin, being tapped with a mallet, will leave an impression on the case (the 3 J diameter 
mark being the length of the spindle). From the 34 diameter to the 44 solid,— from 
the 44 solid, | of a diameter, clay is driven in the same way. 
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The setting drift is then inserted, and tlie case beaten with a light mallet to remove 
the paste from the surface, previous to moulding. The case is placed in the mould, 
and set on the spindle, replacing the setting drift, and giving it a fevr blows with the 
mallet. The mould is screwed tight, and the driving commenced by taking a ladleful 
of composition from the bos, and striking it off level with the bar across the box, for 
the purpose. On turning it into the case, take the longest hollow drift, and with the 
mallet give it the regulated number of blows, viz, 25 blows for each ladleful for the 
1 ih. rocket and 21 blows for the rocket, moving the drift at every blow. The 
driving is continued by putting in a fresh ladleful, and repeating the number of blows 
until the second hollow drift reaches the face of the composition, taking care, in again 
driving, to clear out the drift every time of putting in fresh composition. When the 
latter is high enough, take the next drift, and so continne until the spindle is covered, 
which is known hy putting in a copper scoop ; and if the spindle is not felt, the solid 
drift is taken till the composition has reached the diameter mark. If the compo- 
sition is to its height, put in a ladleful of clay, and give it the same number of blows 


50. Diameter- 
gauge. 

61. Slip ditto 

62. Choking 
frame. 

63. Oomposition- 


54. Pricker. 

65. Setting drift. 

66. Piercer. 

67. Composition 
box. 
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as are re(iuired for the composition. For the 1 lb. rockets, four drifts are used, and 
for the ^ lb. rockets, three drifts. 

The rocket is then unmoulded by loosening the screws and taking out the pin. 
Place the bridle on the case, turning it to the right, to prevent unscrewing the spindle : 
the rocket is then ready for finishing. 

The paper is cut to the proper size and shape, and for the projecting heads there 
are two papers : one is signal-rocket paper, soaked in water and pasted. The rocket 
ring being placed on the former, the paper is wrapped round it, and choked with 
Butch thread in the groove of the ring. The other paper, which is wrapping paper, 
is cut longer and pasted on, and, when dry, notched ronnd the top to cover the stars* 
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The cylinder heads are made of rocket paper, all in one piece, passing twice round 
the former, and having four strips cut in the part which first passes round it j then 
pasted and rolled, and, when dry, notched in the same way as the projecting heads. 
For making the cones, cut out half a circle of rocket paper, and paste it in the same 
manner as for the cylinders, and again a second piece over that, and notched for 
fixing them to the cylinders. 

The cylinder gauge is put on the rocket even with the mark that denotes the height 
of the clay. If the rocket does not fit the gauge tight, a slip of paper is put in to 
make it so ; then with a knife cut off what remains of the case. The gauge is then 
pushed down to the diameter mark : cut off about three or four thicknesses of the 
paper, and peel if off until it will fit the cylinder ; then with a Beimer bore a hole 
through the clay, up to the surface of the composition : the cylinder is then glued on. 
The bursting powder is next put in : 3 drs. for a 1-R). rocket, and 2 drs. for a lb. 
rocket. The stars are then placed in rows, a circle of stiff paper placed over them, 
and the fringe and a circle of fine paper pasted o ver all. The cone is then pasted on, 
and covered with a slip of light blue paper : it is then primed with spirits of wine and 


Composition for 
making stars for 
signal rockets. 


mealed powder, and is ready for service, 
coats of white paint. 

Saltpetre, pulverised , 
Sulphur, sublimed 
Antimony, pounded 
Cylinder-mealed Powder 
Isinglass . 

Tinegar . , . .. 

Spirits of Wine . 


Signal rockets for Naval Service have two 


The antimony and saltpetre are first well mixed together with a slice, and when all 
of one colour, it is passed three times through a hair sieve. The isinglass and vinegar 
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are put into a pot, and placed over a slow fire until all tKe isinglass lias dissolved ; 
the pot is then removed from the fire, and the spirits of wine added, and well stirred 
together with a stick. A portion of the dry composition is then put into a copper 
pan, and a part of the liquor also, mixing them well together till it is damp enough 
to adhere hy the pressure of the hand. The bottom of the tray in which the stars 


65. Mould. 

66. Spindle. 

(57. Pin. 

68. First hollow 
drift, 

69. Second do, 

70. Third do. 

71. Solid drift. 

72. Holder for 
drifts. 

73. Ladle. 






are placed is dusted with mealed powder. A portion of the composition is then laid 
on a board, and placing the end of the former which has the spindle into the mould, 
strike it into the composition, and rub the end on the board. Turn the foi'mer in 
the mould, and withdraw it, and insert the longest end and displace the star. The 
stars are then primed with mealed powder by being turned in the tray, and the pow- 
der shaken over them until all are lightly covered : they are then set aside to dry, 
until fit for use. 

Note . — The head of a 1-ih. rocket contains 36 stars, and that of the rocket, 
stars. 

. TuUs. Tubes are of four different natures, viz. Common Quill and Dutch or Paper Tubes, 

for Exercise, and Brass, Detonating and Friction Quill, and Friction Copper Tubes, 
for Service. 

Common quill . The quills are passed through a gauge 2-lOths of an inch in diameter, and are then 
rounded, with the back of a pair of scissors, on a board for the purpose. As much 
only of the point is cut off as will admit the drift without splitting the quill, which is 
cut to 3 inches in length. The quill is next placed in a spring press, and with a 
seven-bladed knife about half an inch from the large end is slit, and the prongs 
turned back with the fingers; then with a needle and worsted worked over and 
under each prong all round till it is large enough to form the cup, which is about 
7-lOths of an inch in diameter. 
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Mealed powder is damped with spirits of wine in a copper pan, and the tube stniek 
twice into the powder, and then rammed in hard with a brass drift. This is con- 
tinned till the tube is filled, after which a brass piercer (No. 19 wire) is forced np the 
tube, and turned round at the same time, till a hole is made through the centre. 


74. Springpresa. 

75. Slitting 
knife. 

76. Rounding 
board. 

77. Gauge. 

78. Prifc. 

79. Piercer. 


They are primed by mealed powder, damped in spirits of wine, being rubbed into 
the cup, which is afterwards dipped in dry mealed powder, and the tube again pierced, 
using No. 21 wire. They are then laid by to dry, and afterwards capped by a piece 
of paper being twisted over the cup. 

Kote , — They are packed in bundles containing 100 each. 

The barrels are formed of slips of whited-brown paper, inches long and 2 inches 
wide. These are thinly pasted over and formed on a wire former ; they are then 
rolled between two boards, and afterwards laid by to dry. The barrels are next dry- 
rubbed between the same boards, to make them round, and then cut to lengths of 
If inch. The tube is then put on a cupping wire, and the cup formed with a slip of 
pax^er, cut 4-lOths of an inch wide and 17 inches long. The wire is held in the left 
hand, and the slip between the finger and thumb of the right, and laid on a board 
and thinly pasted ; the edge of the paper is gradually raised so as to form a cup. 
They are then painted twice, to make them strong before being filled. 

They are filled in precisely the same manner as common quill tubes. 

A thick paste is made of mealed powder and spirits of wine ; the piercer is put 
through the top of the tube, about a quarter of an inch, which is then plastered so as 
to form a cone. Dry mealed powder is rubbed in upon it, and a cap made of fine 
paper put over tbe cup. The cap is dipped in a solution of saltpetre, and choked 
under tbe cup. 


Dutch or paper 
ubes. 


Betouatimg or 
cross-lieaded 
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Tlie quills of tlie detonating tubes are prepared iu the first instance in tbe same 
manner as common tubes, but tbe small ends are not cut off, as in tbe latter. They 
are cut to 2| inches in length, and are witbout cups. A small bole is bored with a 
latbe tbrougb tbe quill, about 1-10 tb of an inch from tbe top of tbe large end. 
Small or pigeon quills are also prepared for tbe arms to receive tbe detonating 
composition. These are cut to f of an inch in length (tbe small end is not cut), 
and a small bole is bored in tbe centre, to communicate tbe composition to tbe body 
of the tube. 

Tbe body of tbe tube is filled precisely in tbe same way as common tubes. 

Tbe cross or arm is filled solid with tbe following composition, wbicb must be 
occasionally damped with spirits of wine and gum-water. 


Chlorate of potassa . 

. 48 parts. 

Cylinder mealed powder 

. . 4 ,, 

Antimony . . . . 

. . 48 „ 

Sulphur . . • . 

. . 4 „ 

Glass, finely pounded 

. . 13 „ 


Tbe cross is then placed in tbe boles at tbe top of tbe body of tbe tube, and fastened 
with waxed silk, Tbe vacancy on tbe top of tbe body is filled with fine-grained 
powder, and plugged up with a small portion of putty. Lastly, tbe bead of tbe tube 
is dipped into a varnisb composed of sbell-lac and spirits of wine. 

^oie * — Great care is required in mixing tbe above composition, as it will some- 
times ignite even in mixing with a wooden slice. Tbe antimony and glass are first 



separately pounded in a mortar, and then mixed together with the chlorate, in paper, 
small quantities at a time. 

Fig. 83. ' 


Friction tube, 
quiU. 



Tbe piinciple of both friction tubes is the same, tlie body of the tube is filled j 


Priction tubo, 
copper. 


Brass tubes, 
conuaon, 
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before witli mealed powder, and tbe upper part witb. a composition, wbicb ignites in 
coDsequence of tbe friction produced by drawing tbrougb. it a piece of rougb copper 
firmly imbedded in it for that purpose. 


Pig. 84. 



Tbe body is formed of tbe same dimensions as common quill tubes, and witb a 
cup, also of brass, to receive tbe priming. 

Pig. 85. 



Tbev are filled •precisely the sam ^ ibAg. 

Note , — Tbe barrel or body of every tube is of tbe same diameter, viz. 2-lOtba 
of an inch. 


APPENBIX I.* 

Of Fulminating Compositions used in Military Pyrotechnics, 

There are but two distinct kinds of these compositions used in Military Pyrotech- 
nics ; one in which tbe fulminate of mercury is either tbe sole ingredient, or one 
which tbe composition contains. Tbe other -kind is that in which chlorate of potassa 
furnishes the detonating principle, and is combined witb various combustibles ; in one 
case, with fulminate of mercury. 

Chlorate of potassa is not a combustible ; its office is to furnish oxygen, a supporter 
of combustion, as is that of nitrate of potassa (saltpetre). 

Both the nitrate and the chlorate of potassa furnish oxygen in equal volumes ; but 
though the quantity of oxygen is the saine in each, that in the chlorate of potassa, 
being combined with its base in feeble affinity compared with that in saltpetre, is 
readily disengaged by several means which will be noticed. 

In tbe French and most other Artillery Services (onr own excepted), fulminate of 
mercury is the chief ingredient in all military detonating compounds, to the exclusion 
of chlorate of potassa. 

Musket caps in the British Service, are primed with a composition including 
chlorate of potassa, with the fulminate of mercury and other sensitive combustibles, 
besides the fulminate of mercury, t 




* By Major-Gen, Stevens, late Royal Marine Artillery. 

t The detonating material for French musket caps is composed of two parts of the fulminate 
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Cannon tubes are primed in tlie detonating part with a mixture of chlorate of 
potassa and sulphnret of antimony. 

Both of these compositions may he exploded hy the direct application of fire, by 
heat not greatly exceeding 300 degrees, by the action of concentrated nitric and 
sulphuric acids, hy friction, and hy moderate percussive force. 

In preparing fulminating compounds, numerous accidents, having serious or fatal 
results, have happened even to scientific men and experienced manipulators : these 
accidents manifest that great caution is requisite to handle any of the fulminates with 
safety; hut though perhaps it is too much to assert that any precaution will wholly 
avert accidental explosions, yet a due ohservance of all the precautions welb under- 
stood in a properly regulated Laboratory will not only reduce them to rare occurrences, 
hut deprive them of fatal or very serious results. However, a safe and efficient 
knowledge and expertness of working with the sensitive materials here spoken of 
can only he acquired hy instruction and practice in a Laboratory. 

These fulminates, when exploded, generally fail to ignite gunpowder which may 
he lying near, or even touching them ; the powder being blown to some distance hy 
the force of the exploded fulminate, without being ignited. 

This is usually accounted for hy supposing the velocity of the flame of the fulmi- 
nates is too great to permit sufficient heat to he communicated to the adjacent 
combustible ; as an electric spark may he passed through a heap of gunpowder harm- 
lessly, but which instantly explodes if the electric fire he arrested in its passage. 

Cannon tubes and musket caps are the only cases in which fulminates are used 
in the British Service, except some signal portfires which are prepared for the Coast- 
Guard Service ; these are primed with a mixture of chlorate of potassa and sugar ; 
having placed on it a small glass bubble containing a drop of sulphuric acid, and 
hermetically closed, a thin paper is pasted over to keep this priming in its place ; 
the portfire can then be lighted by breaking the glass bubble with any hard substance, 
when the mixture of the chlorate and sugar ignites and the portfire is lighted. 

This ready and convenient mode of lighting is a temptation to extend an application 
of fulminates to blue lights, light balls, portfires, and many other military pyrotech- 
nics ; but the danger and uncertainty of the above compositions should peremptorily 
exclude this dangerous and unnecessary extension of their use. 

There are other safe and convenient means by application of the common musket 
cap, which, being always at hand, obviates the necessity of fixing permanent pei-cus- 
sion primings on signal lights and other military fire compositions. The musket cap 
may be fired in any manner that will bring it in contact with the priming of the 
composition, when ignited, as a tube somewhat resembling that used for firing rockets 
in the field, or a French 'bi'ikU amorce, ox even a circular plate of iron about 2 inches 
in diameter, having a nipple in the centre for the cap, which, being ignited by a blow 
of any hard substance, at once lights the fire-work • if placed close down upon its 
priming ; or if a few grains of powder are required to insure ignition, a musket- 
cartridge will always be at hand to furnish them. But these subtile agents are so 
sensitive, and tbeir action so readily diverted or altogether arrested, by seemingly 
unimportant alterations, that it is not safe to affirm what will be the result of new 


I . ^ . 

I of mercury and one part of pulverised saltpotre, by weight, damped with water. — Aith- 

* M^Moire d’Artilkrie, p. 188. 

The composition for Prencli cannon tubes is two parts of fulminate of mercury and two of 
mealed powder, intimately (but carefully) mixed together, tlxen formed into a paste by means 
of distilled water impregnated with g\mi-arabic.---'Ai{2c-iWmoirfi d*An'Ulme Navale, 

p. 273. , . - 
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applications. Little can ■with certainty be inferred, and eacb alteration should be 
received only when it has been abundantly tested by experiment. 

In decorative and recreative hre-works, chlorate of potassa, fulminating mercury, 
and even more sensitive fulminates, are employed. 

The brilliant purple, crimson, and green stars thrown from the heads of rockets 
cannot he made without either the fulminate of mercury or chlorate of potassa 
entering into their constituents ; hut these complicated though beautiful compositions 
are of so dangerous a nature, that no consideration should admit them into stores or 
magazines, ox* on board ships j since they are not only liable in a higher degree to 
the accidents pointed out, but are liable to take fire by what is termed spontaneous 
combustion, particularly when exposed to a hot and humid atmosphere, as several 

accidents from them have proved. 


Norn. — The advantages claimed for the following invention are of so important a 
character for modern fire-arms, that it seems only right to draw attention to it, in 
order that, if found correct, it may he used ; and if otherwise, such alterations or 
improvements may be suggested as shall render the invention really valuable.— 
Ewiob. 


Prbpaeatiok op GruiTPOwnEE POR LoAniKO Ordnance and Small Arms, 

A method has lately been patented by Captain J. H. Brown, E.N., for forming 
common gunpowder into a hard compact mass, so as to allow a small space of air 
between the grains in order to obtain greater rapidity of ignition. 

In the specification the inventor gives the following explanation of the method of 
procedure : — 

“ In preparing the gunpowder I employ a solution of spirit or fluid which will not 
prejudicially act on the gunpowder, containing an admixture of gumaoeous or adhesive 
matter, and deposit the same in moulds of brass, gun-metal, or other suitable 
material of the necessary form and size for containing the required charge, and by 
the application of pressure I compress it into a cake or charge. I regulate the 
pressure so as to bring the grains of powder into close contact, and cause them to 
adhere together without destroying the granulations. 


“The solution I prefer to employ is prepared as follows : — I take at the rate of 
one pound of clean picked gum arabic, and make a mucilage by dissolving it in two 
pounds of cold water ; I also dissolve a quarter of a pound of nitrate of potash in five 
times its weight of cold water, which I add to the mucilage of gum arabic, and when 
intimately mixed I add a pound of spirits of wine, and well triturate the solution 
until an uniform opaque fluid is produced which is fit for use.” 

The advantages said to be derived from the powder being in a mass are the 
follo wing : — 

First, That with a breech-loader, the loose grains of powder which produce so much 
damage, are done away with by this means. 

Second, With a muzzle-loading rifle, the grains of loose powder are apt to stick in 
^ the grooves when the rifle is a little foul, and thus the fouling is rapidly in- 
creased. With this solid powder no such evil will exist. 

Third, If it be required to load a rifle when lying down, with the gun horizontal, 
it can he accomplished with this solid powder without difficulty. 

Fourth, To the sportsman no accidents are likely to occur if this powder he used, 
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sucli as tlie ■bursting of a powder-flask in tie lands, as tie olarge is dropped 
into tie muzzle, and tie land immediately witldrawn. 

Piftl, Tie solid powder can le attaoled to tie Inllet, and tie two can 1% dropped 
together into tie rifle, and tins great rapidity of firing is oltained. 

Sixtl, Experiment las shown tlat no priming is required, tie ignition of tie 
charge by the common cap being instantaneous. Also it is found that with the 
same quantity of powder a somewhat longer range is obtained by tbe consolidated 
than by the loose grained powder. 

Tie expense will be yery trifling, about fire per cent, more than tie common 
powder. 


QUABBY/^ BO called from wMcl, in tie Latin of the lower ages, 

was the term applied to a stonecutter, qui marmom quadrat ; and hence quarry, the 
place where he quadrates or cuts the stones in squares. This term was originally 
used to signify those places where stone for building purposes was procured, but its 
application has been extended to all rock excavations (except mines), for whatewer 
purpose made. Quarries are generally opened and worked for two purposes : 

First, Wien it is immaterial what may be tie shape and size of tie masses of 
loosened rock, as in quarries for lime, road material, &o. ; and excavations, such 
as the ditches of a fortress or cuttings of a railway, where tie object may be to 
remove the stone, and not to save it for building purposes ; and 

Secondly, When the rock is obtained in blocks fitted for building purposes, in sbapes 
easily reducible to those forms which are best adapted for the designs of the 
architect or sculptor. 

In either case, a great object in quarrying operations, as indeed in all others, is 
economy, or the producing the greatest results with the available means ; and for this 
pui'pose it is necessary to study cltsely the formation of the rock in which the exca- 
vation is to he made, in order to take advantage of those natural flaws and divisions, 
where they may exist, which will be found materially to lessen the labour and facili- 
tate the operations of the quarrymani Under this head, rocks are naturally divided 
into stratified and unstratified. The former includes a large class of most valuable 
building material, such as the magnesian lime, sand and freestones, millstone grit, 
Yorkshire landings, &c. ; many of which can be cut or forced from their original 
positions without the intervention of any explosive agent. The methods in use for this 
purpose vary in detail, but are similar in nature. They require that a surface of the 
rock parallel to the bed of deposit should first be laid bare, and also that the stratum 
or layer from which the stone is proposed to be taken should he hroken through or 
disconnected from the general mass, so as to allow a detached portion to he removed 
by sliding upon its natural bed. Having marked on the exposed surface the size of 
the block required, its separation is effected by driving in rows of wrought-iron 
wedges around it. These are at moderate intervals, depending on the facility with 
which the rock can he cleaved, and are struck in succession until at length the open- 
ings made by them extend from one to the other, and through the stratum : the block 
is then free to slide from its original position. Should the stratum be too thick and 
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firm to admit of a separation being effected in this way, a channel is sometimes cut, 
which may extend in some cases, in the form of the letter Y, to a depth of two or 
even three feet, into it ; and the wedges are then applied in the bottom of the 
channel. This, however, would only be done where the rock is of a nature which 
easily yields to the cutting tool (generally a pointed hammer, called a ^ick-hammer), 

Gccasionally, also, in rocks that are easily cleaved, a row of wedges is also introduced 
parallel to the natural cleavage, by striking which at the same time as the others which 
are upon the surface, the stratum can be split so that the block procured need not 
extend to the full thickness of the stratum. These methods apply principally to the 
second case, that is, when it is desired to procure blocks fitted for building or other 
purposes; but it behoves the Engineer, in the event of an excavation being required I 

n a stratified rock under tbe first case, viz. when the masses are not required in I 

blocks of any pai’ticular form, to ascertain how far he may make use of this system I 

with economy, instead of adopting the method hereafter described, when an explosive p 

agent is used. In the case of thin strata by nature, capable of being split with facility, 
this system may be applied under ordinary circumstances: and when the explosive 
agent cannot be abundantly or readily procured, it may be carried to a greater 
extent. 

For the purposes of quarrying under other circumstances, that is, where the rock > 

is nnstratified, or of a nature not allowing it to be readily cleaved, or where the, 
natural divisions are so far apart as to render too laborious tbe application of j 

wedges, another system is adopted, by which the rock is disrupted by explosive 
agencies. 

Two Substances, gun-cotton and powder, have been used for this object ; but as the 
former has not as yet been brought into very general use, and cannot therefore 
always be procured,— more especially in the Colonies, in which are executed a large 
proportion of the works that are intrusted to the direction of Officers of the Royal 
Engineers, — and as the effects of it seem to be somewhat uncertain, depending on the J 

manner in which it applied and the space in which it is confined, and also, in the i’ 

present state of knowledge, upon its not being very safe for general application by | 

ordinary quarrymen,— in treating of this subject, the»more generally applied and better 
xinderstood explosive agent, gunpowder, will only be considered, in which much j 

assistance has been derived from an able paper on ‘Blasting Hock,’ written by I 

General Sir John Burgoyne, K.C.B., and published in the fourth volume of the Pro- 
fessional Papers of the Corps of Royal Engineers, and also since in the form of a 
rudimentary treatise, by Weale, to which the reader is referred for a more extensive 
treatise on the subject than can be given in a work of this nature. 

It is of the utmost importance to select a judicious position for the charge, with 
reference to the effect desired to be produced, and to the economy of tbe labour 
required to place that charge, and of the powder itself ; in determining which, the 
following general principles will be found to apply, to which, however, sufficient 
attention is seldom yielded, the quarrymen being often allowed to place the charges 
and determine the quantities of powder according to their own notions, very often 
totally devoid of any definite principle. 

In opening a quarry, the first object to be obtained is an exposed surface, behind 
which the charges being placed, they will find a less resistance than elsewhere, and 
will consequently force it outwards, removing the intervening matter from the prin- 
cipal mass. A vertical exposed surface is preferable, as being the most easy for the 
quan-yman to place his charge behind. 

Powder, when exploded, acts equally in all directions, and therefore if one part of 
the mass surrounding the charge be weaker, or offer less resistance than another, it 
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must yield to & su^ciently 'po'WBTixii charge.* The distance from the centre of the 
charge, or of explosion, to that point on the surface at which the elastic gases ]Dro- 
ducecl by the explosion find the easiest access to the atmosphere, is called the line of 
least mistance. This will be the shortest when the charge is surrounded by an 
uniformly resisting medium ; any inequality in this respect might cause a much 
longer line than that drawn directly from the charge to the surface, to be the line of 
least resistance, as when a mine is imperfectly tamped, or where rock and earth 
surround the charge. Charges of powder, when their strength is uniform, produce 
effects varying with their weight ; that is, a double charge will move a double mass, 
a treble charge a treble ms^ss, and so on; and as homogeneous masses vary as the 
cube of any similar line within them, the general rule is established, that charges of 
powder to produce similar results are to each other as the cuhes of the lines of least 
resistance. Hence, having determined carefully by experiment the charge to produce 
a given effect in a particular class of substance, the charge to produce a like result on 
a given mass of a similar nature is readily determined. 

The variety of substances acted upon, and the very great varieties in the quality of 
powder, render it necessary, in the undertaking of quarrying operations, that experi- 
ments should in all cases, when they are of any extent, be instituted to determine 
the constant which should be employed in calculating the charges of powder. 

Having determined the place of the charge, it is above all things important 
that the line of least resistance, as decided upon, should remain that of least 
resistance, or that the aperture hy which the powder is introduced should he so 
secured or tamped as not to allow an easier vent to the elastic gases formed by 
the explosion than this line, which has been assumed in the calculations ; also that 
no natural flaws or fissures should he overlooked, by which the powder may find 
a vent. This latter means by which the force of the explosion is sometimes - lost, 
requires particular attention in lower geological formations, and in stratified rocks 
will generally determine that the line of least resistance should be perpendicular to 
the beds of the strata, and that the hole for the charge should he driven parallel to 
the strata, and so as not to touch the planes which separate them. 

Yarious have been the methods tried for tamping these holes ; but as none have 
been found practicable, which are as strong as the undisturbed rock, it is evident 
that the introduction of the charge in the direction of the line of least resistance 
should be avoided as much as possible, in order to save powder, as the full effect 
due to the powder can only then be produced by making such an increased allowance 
for the charge as will counterbalance the loss consequent on the diminished resistance. 

Boring for Blasting . — These apertures are made hy boring with iron I'ods called 
borers or jumpers, according as they are struck on their heads with a hammer 
or merely jumped up and down and allowed to penetrate the rock by their own 
weight. These are of various sizes, and have wedge-shaped pieces of steel welded 
to their end, called which are brought to an edge, so as to cut into the rock. 
The holes may be made in almost any direction, but that which'is most advantageously 
worked is vertical, in which case the weight of the cutting tool is brought into useful 
co-operation with the force employed to drive it. With the jumper it is the weight 
alone which produces the effect. 

The speed with which holes are sunk into rock depends on the nature of the rock, 


* If tbe mass in whicli the powder is placed exceed in strength its power to dislodge it, then 
it does not give way, but an enlargement only of the cavity in wliicli the powder is placed 
occurs by the crushing to dnst the parts in immediate contact with it, which receive the force 
of the explosion. This action is similar to that of a globe of compression. 
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and on tlie size and weight of the hoiing tools ; it having been ascertained, from long 

experience, that three men are able to sink, in granite of good quality, at the fol- ; 

lowing rates: 

With a 3-inch jumper, 4 feet in a day. 

^ jj 

. „ './'S , ■ 8; „ ■ ,j 

» ' d'i' j> 

In working the two last classes, where the holes are not very | 

deep, a strong boy will answer to turn the jumper. With a 1-inch | 

jumper^ a strong man bored 8 feet in a day. I 

In using borers it is necessary to pay some attention to the i 

weight of hammer used for striking them. If too heavy, by | 

fatiguing the men and reducing the number of blows given, a less I 

effect is produced than if lighter hammers are used; and if too I 

light, the strength of the miner is not kept fully employed in I 

raising the hammer. The usual weight is from to 7 lbs. { 

It therefore is evident that it is desirable to sink the holes I 

of as small a bore as possible, considering tbe size of the charge, | 

which sAomZcZ m all cases be determined by weight, and ought 1 

not to occupy too great a length in the bore-hole ; the ol^sct 
being to get the centre of the charge as near as possible to the , | 

centre of explosion. In order to effect this object of placing a 
large charge at the bottom of a small hole, which is also advan- 
tageous as presenting greater facilities for tamping, various plans 
have been adopted. At the bottom of the bore, small charges have 
been placed and fired, so proportioned as not to produce fracture 
to the rock ; they then have the effect of enlarging the space | 

(called chamber) for another charge, which can be inserted by boring I 

through the tamping. This operation may he repeated several I 

times when it is desired to place a large charge at the bottom. j 

Another plan, applicable principally to calcareous stones, has 
been tried with good effect. The rock having been pierced in the 
usual way, a copper pipe, the size of the bore, is introduced 
(see fig. 1), the end a reaching to the bottom of the hole, which 
is closed up tight at b with clay, so that no air can escape. This 
pipe has a bent neck c, for a purpose hereafter to be explained. 

Through the copper pipe at d, a small leaden pipe is introduced, 
about half an inch in diameter, formed with a funnel / at the top, 
and is passed down to within about 1 inch from the bottom; the 
upper orifice of the copper tube round the leaden one at being 
filled with a packing of hemp. Matters being thus adjusted, 
dilute nitrio acid is poured through the funnel and leaden pipe, 
which, dissolving the calcareous rock at the bottom, causes an 
effervescence, and a substance containing the dissolved lime is 
forced out from tbe orifice c, the process being continued until, 
lom the quantity of acid consumed, it is judged that the chamber is sufficiently 
enlarged. Other acids, such as muriatic or sulphuric, will produce the same effect, 
but the result of the chemical solution will depend on the nature of the stone and the 

proportion of its chemical constituents. 
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It may be assumed tbat 1 Ib of powder, wiieu loosely poured but not shaken or 
compressed, will occupy about 30 cubic inches j or 1 cubic foot will weigh about 
574 lbs. ; consequently a hole 1 inch in diameter and 1 inch in depth will weigh 
*419 of an ounce, multiplying which by the square of the diameter of the hole in 
inches, will give tbe weight of an inch in depth of powder in any given hole ; whence 
can readily be determined either the length of hole for a given charge, or the charge 
in a given space. 

Gunpowder varies very materially in quality, a comparison between Merchants’ 
blasting powder and Government cannon powder giving arcs by an ^rouvette gun 
from 12*0 to 21*0 degrees: it is therefoi*e of very great importance that powder 
should be tried before purchasing or commencing to use it in quarrying, so as to 
prevent disappointment in the expected results, or an excessive use of powder. 

The benefits resulting from the use of strong powder are evident : 

1st. Smaller quantities are required, and consequently less stowage room. 

2ntlly. Greater effect is produced in comparison to the labour expended in boring* 

Srdly. Increased resistance in the tamping, the powder occupying less space, and 
leaving more for the tamping. 

In determining the most economic method of producing a given quantity of stone 
from a quarry of any particular description of rock, the following points are first to 
be ascertained ; 

1. Tbe constant from which the charge is to be calculated. 

2. The speed with which boles of different bores can be driven. 

The effect of agents, such as small charges or acids, in enlarging chambers. 

4 . The face which can be established in the quarry ; for it is obvious that the 
higher this face is, if the charge is placed behind it, the greater will be the propox- 
tioual effect on the mass dislodged; the powder acting on a like mass iu either 
instance, hut leaving a much greater mass to he dislodged by its own w'eight in the 
one than in the other. 

These data having being determined, and the size of the block required being 
known, the calculation is to be made wbetber large charges are to be adopted or a 
succession of smaller ones. 

Large charges have one decided advantage, not requiring that the quarry shotild 
be so often cleared of workmen during firing. 

The loading of mines in rock requires great care, to prevent accidents, tbe safety 
with which the operation is performed iu a great measure depending on it, A few 
grains of powder loose on the side of the bore-hole may produce explosion in tamping. 
For the purpose of loading, the use of copper vessels is recommended. 

A copper canister, with cover, to contain the powder ; 

A set of copper measures, containing given w^eights of powder (1 Ih., 4 oz., and 
I oz.)j . ■ ■ ■ 

A set of cylindrical tubes, 3 feet in length, f inch in diameter, which can be 
screwed together to form a long tube, and a copper funnel. 

When the charge has been placed at the bottom of the holes by means of these 
instruments, a Bickford’s fuze, or galvanic wires in a small bursting charge, are placed 
upon it, and then a wadding, after which the bole is tamped, and is ready for firing. 

Bickford’s fuze is strongly recommended in quarrying operations at the imesent 
time. It is not expensive, is very certain in its effects, not easily damaged in 
tamping, and not affected by damp. In wet situations, by enclosing the charge in a 
canister or water-proof bag, with a fuze attached, the firing is conducted with facility. 

The galvanic battery has been used in large operations with great effect ; a number 
of charges being placed, a simultaneous effect is certain when required. This is 



wedged in on the tamping with arrows, or of a harrel-shaped ping ; hut these would 
only he used in particular circumstances, w'hen the cost and lahour consequent on 
their use would he well repaid hy the improved effect of the explosion} such as in 
shafts or galleries, &c. , 

In rock excavations for the ditches of a fortress, or for the cutting of a railway, the 
economy of the operation depends in a very great degree on the skill with which 
powder is applied in the quarrying operations. The first thing to he ohtained is a 
gullet or small cutting, extending throughout the wmrk, which must he carried down 
rather below the bottom of the ditch or cutting. This is of great importance, and 
that every successive widening of the gullet should he carried down to the full depth. 

In some extensive railway works, involving probably the heaviest quarrying opera- 
tions in Great Britain, the cutting was carried to a depth two or three feet less than 


found useful sometimes in moving large masses, and also where a number of men are 
working in a quarry, and they are withdrawn for the purpose of firing a mine : there 
is no uncertainty in their returning to their work, as immediately the wires are 
disconnected from the battery, there is no danger of explosion. 

Tamping , — In tamping, the object desired is to obtain the greatest amount of 
resistance over the charge of powder. Different materials have been employed for 
this purpose. 

* The chips and dust of the quarry itself are very commonly used. 

Sand pourqd in loose, or stirred up as it is poured in, to make it more compact. I 

Clay, well dried, either by the sun or by fire. 

Broken brick and stone, 

Yariou.s opinions have been given upon these materials ; and sand, as being easily 
used, very generally attainable, and offering a very great resistance &om tbe friction 
of the particles among themselves and against the sides of the mine-hole, has been 
highly spoken of by French Engineers. 

Experiments made by British Engineers have not given these favourable results, 
but have rather tended to give to w^ell-dried clay the preference, as offering the 
greatest resistance. 

Mechanical contrivances have also been used to assist the tamping : the sketches 
(figs, 2 and 3) shew what may he considered the best, consisting of an mverted cone, 


Figs. 2 and 3. 
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wliat was required of tlie Contractor. In taking it out, eack cubic yard cost about a 
guinea to remove, whereas the rest of the cutting bad not avei'aged muck more than 
35. Qd. for each cubic yard. 

This arose probably from neglect in the first instance, as the cutting being very 
deep, bad the gullet been taken out to the required depth, the same quantity of 
powder, placed a little deeper, would have produced the effect of taking out the 
cutting to the required depth. 

It would he wrong to conclude a subject of this nature wdtbout adverting to two 
of the largest explosions probably ever effected as quarrying operations ; the first, in 
1848, when three charges of 7500, 6500, and 5500 lbs. were simultaneously exploded 
by the action of three galvanic batteries, at the Bound Down Cliff, near Dover, to 
effect a cutting for the railway. The material acted upon was chalk, the lines of least 
resistance 72 and 56 feet, the charge being calculated, in pounds, as ^^nd of the cube 
of that line in feet, with something additional to provide against contingencies. 

The mass brought down from the cliif was 400,000 cubic yards, being a parallel 
mass or slice from the face of the cliff, 380 feet in height, 80 feet in thickness, and 
360 feet in length of face. 

The other occasion was in the year 1850, when two charges of 12, 000 ibs. each 
were simultaneously exploded by the action of two distinct batteries, in a chalk cliff 
at Seaford, on the coast of Sussex, the object being to form a groin to arrest the 
pTOgress of the shingle along the southern coast. The lines of least resistance in this 
case were 70 feet, and the charges were calculated on the same proportions as in the 
Bound Down explosion and placed 120 feet apart. The operation was most successful, 
the mass brought down being 211 feet in height (the whole height of the cliff), about 
240 on the face, by a depth of about 90 feet. 

In both of these cases the force of the powder acted to blow out a crater, (the 
lines of least resistance being horizontal,) which bore but a small proportion to the 
mass dislodged. This mass was brought down principally by its own weight, having 
been deprived of support by the removal of the substance within the crater. 

These explosions tend to establish entire confidence in the proportion of charge 
adopted for the material (chalk) in which they took place. 

It is pi*obable that a slight inci*ease might be required in some descriptions of rock, 
but the chalk operated upon being of a very firm and homogeneous nature, and very 
free from fissures, would lead to the conclusion that no material would require a much 
greater proportion of charge. 

QUAHTEIIING OF TROOPS. See Sanitary Precautions. 

E. 

EAILWAY.* 

Prelinimry Pepiarh,— Facility of intercourse between different districts is so 
essential to the development of the prosperity of countries and to the general 
advancement of civilisation, t hat the iutroduction of railways will ever be looked upon 
as a remarkable epoch in the history of the world. 


The immense benefits arising from the increased rapidity and ease of communica- 
tion afforded by railways caused tbeir speedy adoption on the Continent of Europe as 
well as in the United States; but they originated in England ; and therefore the 
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experience wliicli is always required to perfect a new system lias been cbiefly acquired 
in tbis country, and bas increased tbe cost of our own railways for tbe benefit of our 
neighbours. Hence, whilst the works of continental railways are constructed on 
principles quite as durable as ours, they have been executed at a less comparative cost. 
In America, however, where the feeling appears to prevail of constructing only for the 
present, railway works have been executed with less regard to durability and much 
less expensively than our own. In projecting a railw^ay for one of our Colonies, the 
mode of construction to be adopted should be derived from a careful consideration 
of tbe advantages and disadvantages attendant upon each system with reference to 
tbe special circumstances of tbe case j—tbe probability also that in an imperfectly 
known'and partly explored country, future discoveries, and tbe determination of the 
sites of towns and villages dependent on them, may require deviations in the course 
of a railway, should also he considered with reference to tbe permanency and nature 
of tbe works : it is therefore here proposed, after sketching the general principles 
applicable to railways in tbis country, to append a few remarks on tbe American 
mode of construction. 

Tbe plan of facilitating the draught of carriages by forming a hard continuous 
surface for the wheels to run upon is old and simple ; and the successive adaptations 
of flagstojies, pieces of wood, and iron rails to the purjiose, are the several improve- 
ments it has undergone. 

As early as in 164:9, a wooden railway for coal was in use near Kewcastle-upon 
Tyne, on which one horse could draw four or five chaldrons. The frequent repairs 
which this mode of construction required led Mr. Reynolds, of Goalbrook Bale, to 
substitute, in 1767, plates of cast iron ; these were nailed to longitudinal sleepers, and 
a flange was affixed to each plate to keep the carriage in place. In this form they 
were known as tram-plates ; and tramways, on which the plates were attached either 
to stone blocks or to transverse or longitudinal sleepers, were extensively used in 
the mineral districts of this country. This arrangement, however, which was 
defective because it permitted the accumulation of dirt, was at length superseded, in 
1789, by an edge-rail, tbe flange being transferred to the wheel. Stone bearers for 
the rails came into use in 1800 ; and in 1820 Mr. Birkenshaw obtained a patent for 
making tbe rails of wrought iron. 

Hnlil 1825, railways had been almost exclusively constructed for the transport of 
coal, ores, slates, &c. ; but in that year a company was incorporated by Act of Barlia- 
ment for the purpose of making a railway from Stockton to Darlington, to convey 
passengers as well as goods. The Liverpool and Manchester Railway Company was 
incorporated in 1826, and the London and Birmingbam Company in 183-3, altbougb 
projected some years previously. These railways, when first talked of, were intended 
to have been worked by horses; and so little was the present amount of traffic 
foreseen, that the latter railway was originally projected for one line of rails. The 
rapid increase of railways since 1826 has been owing to tbe successful substitution of 
steam for horse-power, and to the great improvements which have taken, and are 
still taking, place in the Locomotive Engine. 

As fax back as in 1802, Richard Trevithick took out the first patent for adapting 
a steam engine to move along a I’oad, although Watt is said to have invented one 
previously : in 1811, Mr. Blenkinsop patented the first douhle-cylindered engine ; it 
weighed 5 tons, and could draw 4 tons on a level at S J miles per hour. In 1829, 
the Liverpool and Manchester Railway Company offered a premium of £500 for the 
best locomotive engine. The prize was adjudged to the ‘Rocket,’ designed by Mr. 
Robert Stephenson, weighing 7| tons, and able to draw 44 tons’ load at 14 miles per 
hour on a level. The principal improvement in speed was due to the increase of 
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evaporating power obtained bytbe use of a tubular boiler. In 1B38, the principle 
of working locomotives expansively came into use j and this, together with alterations 
in the valves, &c., diminished the consumption of fuel by between one (quarter and 
one-half. 

Since that period, the improvements in railways and engines have been so rapid, 
that it would be beyond the limits of this article to follow them. 

Gauges . — The gauge of the lines at first constructed was the same as that of the 
tramways near Darlington, viz. 4 feet 8 1 inches. The Glreat Western Railway Com- 
pany, incorporated in 1835, adopted a gauge of 7 feet. The promoters of this in- 
creased width of gauge expected to obtain by it greater convenience and stability in 
the carriages, a less amount of friction, and. a more roomy and therefore more power- 
ful description of engine ; whilst its opponents considered it would involve an increased 
expense in constructing and maintaining the permanent way, which would not be 
counterbalanced by tbe advantages to be derived from it. A Commission was ap- 
pointed by Government, in 1845, to inq^uire into and report upon the merits of the 
respective gauges ; and a Report upon the same subject was made, in 1848, by the 
Commissioners of Railways, to an order of the House of Lords. From these Reports 
it appears that there is not any material difference in the relative advantages of the 
two gauges so far as goods traffic, or traffic at low velocities, is concerned ; but that 
the largest engines on tbe broad-gauge lines can draw an ordinary passenger train of 
60 tons with as much facility on a level, at 60 miles per hour, as the narrow-gauge 
engines can at 50, — that on descending gradients they retain the advantage until con- 
siderations of safety limit the speed, —and that on ascending gradients the superiority 
of the broad gauge, after a certain point, wull diminish as the gradients increase in 
steepness. The railways for which Acts were obtained after this variation of gauge 
had been projected, adopted the gauge of the line with which they communicated, 
and the break of gauge which has thus been permitted is a serious inconvenience, 
both in a commercial and military point of view. 

It is probable that if railways had to he laid down again in England, the experience 
which has been acquired would cause the adoption of an intermediate gauge. This 
has been the case in Ireland, where the gauge has been made 5 feet 3 inches wide, 
on the assumption that it would allow sufficient width for the requirements of the 
engine without materially increasing the expenses of construction. In those Colonies, 
therefore, where a new system of railways has to be laid down, which can never be 
connected with lines already in existence, it is possible that this latter gauge might 
be found most advantageous. 

Oompeimg Zines.'-^The private Companies who first undertook to construct rail- 
ways intended them to he public means of conveyance, like canals and turnpike-roads, 
on which any one might conduct trains of passengers or goods on paying a regulated 
toll ; as, however, the high velocities attained required, with a view to safety, a 
punctual adherence to fixed hours of arrival and departure, and an implicit obedience 
to signals and other regulations for the safety of the traffic, it was found absolutely 
necessary that the general working of a line should he under the control of one head ; 
and hence the imesent system has grown up of Railway Companies being carriers on, 
as well as possessors of, the various lines, by which means they have completely 
monopolised the main traffic of the country ; and as long as this system obtains, there 
is no way of preventing it, as it is only in districts possessing an extraordinary amount 
of population or of traffic that parallel lines of railway could pay ; and even where 
they could pay, competing lines would soon come to an agreement, the great outlay of 
capital securing them from further competition | and it might probably be more 
advantageous for the work to be done by one Company, provided that, were the 
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amount so great as to cause obstruction or danger, tbe Company should lay do^vn 
additional lines of rails. Since, therefore, the comfort of the public is so much at 
the mercy of Railway Companies, — that the capital iuYested in railways is so large in 
amount as to exercise an important influence on the money-market of the country, — 
and that the powers which Companies obtain from Parliament are so extensive, — it 
has become a subject of considerable discussion how far the Government should inter- 
fere in the management, or examine the accounts, of Railway Companies. The duties ^ 

of Engineer Officers in the Colonies may so freq^uently call upon them to consider the 
question of railways in a political as well as in an economical and engineering point of i 

view, that no apology appears to be necessary for endeavouring to direct attention to 
the subject by the above remarks. 

Legislative Enactments ,-— only General Acts of consequence which have 
hitherto been passed concerning railways were to regulate the conveyance of mails 
and of troops j and one in 1845 to render all subsequent lines liable to a revision of 
tolls after ten years, if their dividends for the preceding three years should equal or 
exceed ten, per cent, per annum; to compel Companies to run one train each way 
daily, of carriages and at times approved of by the Government, at a speed of not less 
than 12 miles per hour including stoppages, and at fares not exceeding Id, per mile. 

The right of purchasing any railway at the expiration of 21 years from the passing of 
the Act, on repayment of the capital, is also reserved to the Government. By the 
terms of the Act for the conveyance of troops, Railway Companies are bound to 
convey Officers, with 1 cwt. of personal baggage, in first-class carriages, at 2c^, per 
mile,* and soldiers, with 4 cwt. of baggage, in second-class carriages, at IcL per mile; 
and their families at similar rates. Extra baggage is liable to be charged per ih. ; 
and military stores, exclusive of gunpowder, 2rf. per ton per mile. 

Objects and Advantages of Bailwaps.-—'Rail'w&ys may be projected either for com- 
mercial, political, or military purposes; and the judicious selection of a line will 
depend as much upon the .merits it possesses in an engineering point of view, and the 
collateral advantages it embraces, as upon its fulfilling the main objects of its promoters. 

A railway, except when it is intended to fulfil some political or military object, is a 
matter of mercantile consideration ; and the expense at which it can be worked must 
therefore effect such a saving upon the cost of the existing means of conveyance as to 
afford a fair remuneration on the capital expended. 'When, however, a railway is 
once made, the advantages which the travelling public acquire from it are to a certain 
extent independent of the cost of construction or of working, as it is the interest of a 
Company to charge that fare which is expected to produce a maximum net profit ^ and 
this will increase with the facilities afforded for travelling, and, to a certain point, 
with the diminution of price. But, besides the advantages of cheapness and speed in 
travelling which the public derive from railways, they also profit by the increased 
rapidity and certainty in the conveyance of goods, which enables dealers residing at a 
distance from the main points of supply to procure the articles they require at so short 
a notice as not to be obliged to keep large stocks on hand ; and this again releases, 
for other uses, capital so tied up. 

The advantage of a railway to its proprietors is measure practically by the profits 
it yields to them ; and these depend upon the original cost of construction, upon the 
expense of maintaining and of working the line, and upon the amount of traffic. 

The capital which is expended upon the construction of a railway varies with the 
quantity and value of the land, the quality of the soil, the nature and geological 
structure of the country (which determines the amount of engineering works), and 
the price of labour. — The expense of working and of maintaining a line is regulated 
by the severity of the gradients and the cost of fuel and of labour, — And the amount 
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of traffic depends on tbe number, occupations, and habits of the inhabitants of the 
towns and districts through which the line passes, on their productions and require- 
ments, and on the markets which the railway may render available to them. And 
since the profit to be derived from a railway depends upon the excess of the receipts 
from traffic over the expenses of working and maintenance, it is necessary that the 
line should be laid out not only with a view to the greatest economy in the cost 
of construction, but to possess facilities in working, to pass near towns and through 
populous districts, and to be of easy access. 

In the following remarks it is endeavoured to shew the principal points connected— 
1st. With oonstimction, 

2ndly, With working, 

Srdly, With the amount of traffic to be expected upon a railway^ 

Oomtmction 0 / The origlnak^^^^^^ constructing railways in 

this country may be classed under six heads, viz. Law and Parliamentary Expenses, 
Engineering, Land and Compensation, Works, Locomotive and Carrying Stock, 
Interest and Miscellaneous. 

An average taken from fifty railways gives the total cost per mile at £84,000 ; 
but as these railways were among the earliest made, and as a diminution of expense 
has since taken place under some of the heads, it is probable that the present average 
will be considerably lower : it may, however, be assumed that the per-centage of each 
of the above-mentioned heads, upon the total cost of construction, is for 


Law and Parliamentary Expenses . , . . . 2*75 

Engineering , 1*75 

Land and Compensation 16*00 

Works . . . 70 ’00 

Working Stock . . * . . . . . 7*50 

Interest and Miscellaneous . . . , . .8*00 


100*00 

The cost per mile of some few railways, selected from different parts of the countiy, 
may be interesting, when classed under the principal heads. 


Name of Bailway s. 

Land and 
Compensation. 

Works. 

Rails. 

Total cost 
per mile. 

London and Birmingham , . 

Great Western . . . . . 

Birmingham and Gloucester . 
London and Brighton . . . 

London and Blackwall . . 

Leicester and Swannington . 

7,700 

6,400 

3,200 

8,800 

118,500 

1,000 

' £. , 
36,900 

32.500 

14.500 
89,300 

98.500 
6,700 

£. 

4.400 

9.400 
3,300 
3,600 
4,000 

700 

■ . £. . 

53.700 
56,200 

24.700 
61,000 

253,000 

•8,700 


The amount required in this country for parliamentary expenses is comparatively 
large; and this is due to the system which has been adopted for the settlement of 
questions of this nature by the Houses of Parliament, who refer the consideration 
of the relative merits of the proposed lines to Committees of their own Members, 
instead of laying down rules for the guidance of some separate competent tribunal. 
Formerly there was no means of securing uniformity in the powers conferred by the 
Special Acts ; but in 1845 the Consolidation Acts were passed, by which all the clauses 
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relating to taking land, raising capital, &c., wei*e collected into two Acts (the Kailway 
and Land Olanses Consolidation Acts), whicli are now incorporated with every 
Special Act, and from which no deviation is permitted without good cause "being 
shewn. 

Survey , — The preliminary survey required to enable Committees of the Houses of 
Parliament to judge of the merits of projected lines must be sufficient for the plans to 
shew the direction of the line, the various properties severed or affected, as well as 
those of which portions would require to be taken, and it extends usually to 100 
yards on each side of the proposed iine. A section corresponding to the upper surface 
of the rails is also made, on which is marked the level of the railway with respect to 
the surface of every turnpike-road, public carriage-road, river, canal, or railway, with 
the heights and spans of bridges and viaducts. 

It is convenient, in tbe sections, to make the horizontal and vertical scale of the 
same denomination, the one being in chains and the other in feet *. 25 to 1 inch will 
be found to be a good one. The plan shewing the general direction of the line is 
generally on a scale of 1 inch to a mile, — the plan for defining the properties on a 
scale of 6 inches to a mile. 

The cost will probably average 50 per mile in this country. The expense of the 
special survey made after the Act has been obtained, including setting out the lines 
may be assumed at from £90 to £100 per mile. 

Curves and Gradients,-^ A. railway approaches perfection in so far as it approximates 
to a horizontal straight line ; but questions of economy, arising from the intervention 
of natural and artificial obstructions, or the advantage of passing through particular 
districts, induce deviations in practice; and the consequent introduction of curves 
aud gradients should be limited by considering at what point the increase in the 
working expenses caused by them will equal the intex'est on the capital saved in the 
construction of the line. Before proceeding further, therefore, it will be desirable to 
make a few remarks on tbe mechanical effects of curves and gradients. 

Curves , — ^When a railway carriage moves on a curve, the resistance it meets with is 
due partly to the effect of centrifugal force, which causes the flange of the outer wheel 
to press against the rail ; partly to the dragging of the wheels, which, being fixed to 
the axles (on account of its having been found nearly impossible to make them run 
true when moveable), are obliged to perform an equal number of revolutions, whether 
on the inner or outer rail ; and partly to the axles being parallel. These causes, 
combined, produce great wear and tear, the exact amount of which, however, cannot 
be easily ascertained, Tbe centrifugal force can be counteracted by raising the outer 
rail above the level of the inner one, just so much as would form the roadway into an 
inclined plane on which the tendency of the carnage to slide towards the centre of the 
curve by its own gravity, would exactly balance the tendency to leave the rails. The 
precise mode of estimating the elevation of the outer rail will be stated in describing the 
permanent^ way. 

The resistance arising from the dragging caused by the wheels being fixed to the 
axles is diminished by the wheels being coned : the inclination usually adopted is 
from about |th to ^th. 

Curves having a radius of 60 chains do not materially affect the rate of speed. 

Curves with a radius oflessthan 40 chains are considered sharp. 

On the Great Western Mlway, the curves are chiefly of 4, 5, and 6 miles radius. 
On the Bristol and Gloucester, and Edinburgh and Glasgow Kailways, the average 
radius is 1 mile, and on the Manchester and Leeds Kail way 60 chains. Small radii 
may be used at or near termini or junctions, &c., which are arrived at or departed 
from at diminished speeds. 
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Gradients . — The term gradient has been adopted to indicate those slight inclina- 
tions np which a load may he taken, although with diminished velocity, without 
fissisting power, being thus distinguished from those steeper slopes termed inclined 
planes, where assisting power is intended to be used. The relative capacity of lines 
for traffic is theoretically limited by their gradients, and this will be the practical 
limit for' goods trains on lines where the traffic is heavy ; but where the traffic is so 
small that the engines are not obliged to exert their full power on the level, as usually 
is the case with passenger trains, the increased charge which steep gradients would 
occasion in the working expenses is of comparatively less importance. The question 
of the economy of making gradients depends upon whether the interest npon the 
capital saved hy their introduction will he greater than the increased charge they will 
bring on the working expenses. Whilst, however, it is true that for goods traffic the 
offiect of gradients will be to limit the load, except in cases where assistant engines are 
kept, and, consequently, to increase the cost of locomotive power, it must be 
remembered, that the disadvantage of the ascending gradient is in some degree counter- 
balanced by the benefit derived from the descending gradient. 

The following Table has been constructed for the purpose of giving an idea of the 
relative advantages which different gradients would afford for goods traffic ; the 
dimensions of the engine being assumed as follows : cylinder 16 inches diameter — length 
of stroke, 24 inches— diameter of wheels, 5 feet — weight of engine and tender, 32 tons 
— adhesion, 4480 tbs. — wheels coupled. 


Level. 

1 in 5000 
1 in 1000 
lin 500 
1 in 250 
1 in 200 
1 in 150 
lin 100 


Load iu tons with which 


1 

the enginecan maintain 

Estimated cost per i 

a speed of ten miles j 

ton per mile of net 

per hour. 

load 

. 


Net load 
in tons, ex- 



Gross load 

elusive of 

Locomotive 

Car- 

in tons. 

carriages. 

power. 

riages. 

500 

312 

•035 

8 ^ <j5 

482 

300 

•036 

.S u S 

398 

224 

•049 

M bO ” 

317 

190 

•057 

I'S a 

249 

145 

•075 

^ ^ g 

222 

127 

•086 

d 

o 

187 

104 

•105 


142 

73 

•150 


132 

121 

66 

59 

•166 

•186 


105 

50 

•220 ^ 

ft s -s 

96 

43 

•225 

^ d o 

JU to o 

83 

34 

*323 

.a 

69 

24 

•458 


-53, 

14 

•785 


.37 

3 

3‘OOG 

ft ft 

B s g 


Terminal 

charges. 


ft 

“g I 
2 § 

o S a5 

^ a ft 

ta o " 

Sis iS 
bD ft o 

ft ^ U 


a § I 

^ a CD ft 
'ft _ 

S .S 8*^ 


The charges in 
this Table are not 
intended to include 
the maintenance of 
way, or the salaries 
of officers, &:c., as 
it is only intended 
to give some idea 
of the relative 
effect upon goods 
traffic caused by 
different gradi- 
ents. 


With passenger traffic, when the trains are comparatively light, the effect of 
gradients would be to diminish the speed ; and the accompanying Table has been 
prepared for the purpose of shewing the comparative effects of different degrees of 
inclination. 
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The values in the preceding Table depend almost entirely upon quantities -which 
are continually varying ; hence the mode adopted has been to assume such as are 
most probable for the present day * and since in comparing the values of different 
gradients the differences alone will be looked to, the errors will be of less importance. 

The following are the assumed dimensions of the engine, from which the Table 
has been calculated : diameter of cylinders, 16 inches—length of stroke, 21 inches — 
steam cut off at |ths of the stroke— diameter of driving-wheel, 6 feet 6 inches — weight 
of engine and tender, 82 tons— adhesion, 3700 !hs.— •■evaporating power, 200 cubic feet 
per hour — elasticity of steam in the boiler, 95 lbs. per square inch— pressure, 80 lbs. 
per square inch— load 50 tons, exclusive of engine and tender. 

All gradients above 1 in 330 are considered first-class gradients. From 1 in 330 
to 1 in 150 are fair working gradients. 

The gradients on the London and Birmingham and Trent Valley lines are not 
steeper than 1 in 33^ ; on the Dalkeith Branch of the North British Eailway there is 
a gradient 8 miles long at 1 in 70 ; on the South Devon line (broad gauge) there is a 
gradient of 1 in 43, 2^ miles long ; and the Lickey incline on the Birmingham and 
Q-loucester Eailway is 2 miles long, at 1 in 374 . 

Laying cut a Railway,— li m umzi in laying out a railway io mark a centre line 
hy stumps, for the levels, placed at intervals of 1 chain, and a spitlock for the direc- 
tion, on each side of which the width required for the roadway and slo|)es of the 
cuttings and embankments is laid off: posts are also fixed in secure positions at 
every 10 chains along the line, as well as the crossings of roads and the ends of 
viaducts and tunnels, as references for the levels. In laying out curves on railways, 
numerous methods will readily suggest themselves, according to the circumstances in 
each case ; as, for instance, by measuring offsets from the tangents and chords of the 
arcs, or by the intersections of angles from theodolites, one placed at each extremity 
of the curve, &c. , &c. 

Quantity of Land necessary,— quantity of land required for a double line 
of railway will vary with the nature of the country : the actual width of the railway, 
including fences, is about a chain, or 8 acres per mile, and when the space for the 
slopes of embankments and cuttings has been added, it may he considered that the 
average quantity per mile is not less than 10 acres in very level country, 12 acres in 
ordinary country, and from 15 to 20 acres in very unequal counti*y j and 1 acre per 
mile additional should be allowed for stations, * 

RaTthwQfhs.—^laCt amount of earthwork, of course, depends upon the nature of the 
country j but an average taken from twelve railways gives 104,900 cubic yards of 


Gradient. 

Velocity in 
mile.s per 
Lour. 

Multiplier for distance 
in yards to give time Remarks. 

in seconds. 

Level. 

54 

•0375 

1 in 2500 

52 

•0393 ! 

1 in 1000 

50-84 

•0402 I 

lin 750 

50*06 

■0409 1 

I in 600 

49*26 

•0416 1 

lin 250 

1 46*65 

*0438 

1 in 150 

43*15 : 

.. '*0474 ^ ", ! . 

1 in 120 

41*31 ^ 

•0495 1 

1 in 100 

1 39*81 ! 

■ *0514' " !■ ' ' 

1 in 90 

, 39*18 I 

•0522 I 

lin 80 

32*80 1 

•0624 

1 in 70 

23*60 ! 

•0856 i 

1 in GO 

10 i 

•2045 1 

I , i 
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excavation per mOe, wHcli may not be considered a very exorbitant amoimt; tbe 
excavation on tbe London and Brighton Railway being 156,000, and that on the 
Birmingham and Grloncester 79,000, cubic feet per mile. 

To avoid a useless expenditure of labour, the amount of cutting should be propor- 
tioned to that of embankment ; but when the quantity required in the embankment 
cannot be equalised with that obtained from the cutting, a convenient spot is selected 
for depositing the surplus, or excavating for the supply of the deficiency. /When the 
earth from the excavation is in excess of that required for the embankment, it would 
perhaps in many cases be found advantageous to use the surplus in widening 
adjacent embankments. It is generally considered cheaper to throw to spoil than to 
lead three miles, though this would of course depend partly upon the height of the 
embankment for which side-cuttings would have to be resorted to, and partly on the 
facility of obtaining a site for depositing the surplus. In estimating the relative 
quantities, regard should he had to the nature of the soil. 

Before commencing any cutting or embankment, all turf and surface soil should be 
carefully removed, and saved for soiling the slopes. In cuttings, the accumulation 
of water should be guarded against by inclining the bed of the excavation, and pro- 
viding drains amply sufficient for the largest amount of water that could possibly be 
required to be discharged from the cutting ; and all soft material in the cutting 
should he thrown to spoil. In some soils it may he necessary to discontinue the 
formation of embankments during inclement weather, as some soils will stand when 
deposited dry, which, if deposited wet, will always he liable to slip. 

Fig. 1. 



The slopes of the . cuttings and embankments depend on the nature of the soil, 
which should he carefully ascertained by boring. In all stratified rocks, the direction 
and amount of the dip of the strata become important considerations in determining 
the form to he given to the sides of the cuttings. Other rocks stand nearly vertical. 
Slaty rock disintegrates when exposed to frost, but sufiers less from the weather as 
it approaches the perpendicular, and therefore it is advisable to form the slope into 
steps, and cover it with vegetable mould. 

Chalk varies from J to 1 to 1 to 1 j it frequently falls in large masses after frost or 
rain : layers of flint interspersed assist in maintaining the slope. In some chalks, 
tbe lower beds disintegrate much sooner than the upper one; and to obviate the 
inconveniences arising from this, a system of benching and facing with brickwork has 
been proposed, as shewn in the accompanying wood-cut. ] 

Coal measures stand at to 1. Lias stands at IJ to 1, or 1 to'l, according as clay 
or limestone predominates. Olay is of so treacherous a nature that no average slope 
can be given for it : its trustworthiness depends on its constituent parts, and tbe drain- 
age must be meat carefully attended to : it has been known to vary from 1 to 1 to 
10 to 1. Sand has stood at 1 to 1. On the Newcastle and Carlisle Railway there is 
a cutting through sand 100 feet deep, which stands at IJ to 1. Harl will stand at 
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Excavating in Chalk. 

The following Table sliews the angles, obtained by experiment, at which several 
earths stand : 


Angle at which it 
will stand. 


Name of Observer. 


M. Eondelet. 

Do. 

Professor Barlow, 
Mr. (3-. Rennie. 


Lieut, Hope, R.E. 
Mr. GI-. Rennie. 


Professor Barlow, M. Ron- 
delet, and Lieut. Hope, 
R.B. 

Mr. Gr. Rennie. 


Do. less dry 
Shingle, loose, dry 


Major- Gen. Sir Charles 
Pasley, K.C.B. 


In excavations, strata dipping towards the horizon are liable to he cut through and 
to slip. A skilful piece of engineering, with reference to this, was performed on the 
London and Birmingham Railway. In excavating through a hill, the strata were cut 
through and began to slip ; so the Engineer immediately caused a tunnel to he 
turned, and allowed the earth to slide over the top. Alternating strata of clay and 
sand require effectual draining. In marshy soil, a new artificial bed must sometimes 
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Description of Earth. 


Earth, common, pulverised and dry 
Do. common, damp , . . 

Do. dense and compact . . 
Flint, large . . . , . . . 

Do. half the size of the above . 

Do. approaching sand . . . 

Gravel . ... .... 
Do. common V . . , - . 

Do. coarse . • . , . . . 

Do. Thames, wet ... . . 
Mould, common . . . ... 

Quicksand, Thames, dry . , . 
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be formed by replacing tbe spongy soil witb harder materials. In sidelong ground, 
it often becomes necessary to form steps for a foundation. 



During the construction and after tbe completion of earthworks, the main cause of 
slips is the presence of water, either from springs or otherwise, which must be carried 
off by drains ; the subsoil also should be drained, either by a drain under the centre 
of the roadway or by side ditches. In wet seasons, all soils require the greatest 
caution. 

Grayel and sand are the best materials for embankments, as they consolidate 
rapidly and are easily drained. Shaly earth, when hard and dry, is also good. Dry 
clay mixed with straw, though long in consolidating, forms sometimes a sound 
embankment. Vegetable mould, soft shaly earth, wet clay and peat, are unfayourable. 
In crossing Chat Moss, which is of peat, Mr. Stephenson formed the embankment of 
tbe moss itself, dried. In cases of very deep bogs, in Ireland, Sir John Macneill has 
used for a foundation a raft formed of layers of young trees, crossing each other. It 
is generally considered advisable, in embankments, not to make the base of tbe slope 
less than twice its height ; and when stone is plentiful or land dear, a revetment wall 

may be advantageously substituted for a slope. 


Fig. 4. 



When the levels of the line and the slopes for the cuttings and embankments have 
been determined on, the cubic content of earthwork must be calculated; for which 
purpose numerous Tahl€|| have been constructed. The following, framed by H. Lav.'', 
Esq., 0. E,, and published in 1845, are concise, and applicable to all descriptions of 
^xQa,7&tiom {For the method of tising tJiese Tahles, m f, 

■ 'P 2 . 
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METHOD OF XTSING^ THE TABLES. 

For th& Tnml or Central Part in a CiUiing or Fnibanhment—AM together the 
height in feet of the two ends j then look for this No. in the first column of Table I., 
and on the same line, under the proper length in chains, will be found the content in 
cubic yards. Should the length exceed 9 chains, the content must be taken out in 
two operations. The content thus obtained is for 1 foot only in width ; the total 
quantity must be multiplied by the true width in feet. 

For the Slopes on the Side of a Cutting or Fmbmikment, — If the embankment has 
a height at only one end, the content in cubic yards is given at once in Table 11. ; the 
height in feet being contained in the outside vertical columns. 

If the embankment has a height at each end, multiply the two heights together j 
look for tins No. in the outside column of Table I., and make out the No. on the same 
line under the proper length (a). Then subtract the lesser height from the greater : 
look for this No. in the first column of Table II., and take out the No. on the same 
line under the proper length (5). These two {a and 5) added together will give the 
content in cubic yards for any length not exceeding 9 chaina; when greater than 
that, it must be taken out in two operations. The content thus obtained is for one 
side only, calculated upon a slope of 1 to 1 : the total quantity must be doubled ; and 
for any other slope must he multiplied hy the ratio of the base to the height. 

If the lengths are in feet instead of chains, these Tables may equally well be used, 
by taking the figures in the top line as feet, and dividing the total result hy 66 . {See 
example, p. 214.) 

The main art of directing earthworks consists in so proportioning the men to each 
task, and disposing the materiel or plant, that none shall for a moment stand idle, and 
that a free passage shall he continually kept open. These proportions depend upon local 
circumstances, and can scarcely even approximately be made the subject of calculation, 
but, together with the disposition of the men, depend on the judgment of the Engineer. 

Cuttings.^ln commencing an excavation, a face at right angles to the direction of 
cutting should be obtained, and a gullet, of about 15 feet wide, formed as soon as 
possible. The accompanying sketch shews a mode of cutting nitches wdth the pick- 
axe, and a very little labour enables the excavator to separate the masses between. 


Tig. 5. 



Into the gullet, when formed, a train of waggons to receive the earth is sent. As the 
height of the hill increases, side tracks on a higher level are laid down, and the 
inclines which connect them with the first line serve to enable the loaded carnages to 
draw up the empty ones. Plate XYIII. shews the above-described method. 


f 
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EmhanJcments , — Tke ordicai-y mode of embanking is to run out to tlie full beiglit 
required at once, but tbe operation may be carried on with equal if not greater rapidity 
by forming a bank of half the required height, and following this up closely with an 
upper bank to the full height, just so much narrower as will aUow waggons to pass to 
the head of the lower one. The most expensive, hut at the same time the most solid, 
mode is to form the bank in successive shallow layers, each being run out and allowed 
to consolidate before the one above is commenced. Plate XXIX. shews the arrange- 
ments which may he adopted for leading the waggons to the head of the embankment, 
and the accompanying sketch (fig. fi) shews a front and side elevation of a waggon. 


It may be assnmed that at the average rate of wages of the present day, and with 
contract work conducted as ejficiently as it is in this country, the following prices will 
give a fair idea of the cost of earthwork, viz : 

Average. 

d. 

Excavating, carrying, and forming into embankment, with any lead not 
exceeding half a mile, not rock , from 9c?. to Is. 3d. per cubic yard, 1 0| 

Po., do., hard close rock ....... from Is. to 45. do. do, 2 4| 

Excavation from tunnel, all plant being found by the contractor, from 

5s. to 75. do. do. 6 2 

If the lead exceeds half a mile, the following would he tlie addition to the 
price, according to the distance, for every fractional part of a mile ; at 
the rate per mile of . . . . ... . . from 4c? to 8c?, do. do, 0 

Turfing, soiling, and sowing slopes (including cost of stripping and setting 
aside, such not being paid for in tlie earthwork), 10 inches thick, 

from 2c?. to 8c?. per sq. yard, 0 4j: 

Metalling surface of new roads ...... from Is. to 35. do. do. 1 11 J 

Metalling surface of temporary divisions, including contingencies, 

from Is. to 2s. do, do. 1 7 

Temporary fencing, from Is. 6c?. to 2s. per foot run. 

Tunnel. — The advantage of substituting a tunnel for a cutting, or a viaduct for an 
embankment, will depend chiefly on local circumstances, as the surplus or deficiency 
of the material excavated, the price of land, and the geological formation of the 
country. (See fig. 7*) 

The expense of a tunnel will depend upon the strata through which it is to be 
carried, and on the absence or presence of water : as this circumstance can seldom be 
foreseen, it is almost impossible to form a correct estimate, but careful borings, previous 
commencing the work, will he found very useful. 


Section of Tunnel, sliowing Drainage. 


Tlie following prices shew how much they vary in expense, viz. 


Name of Tunnel. 

Birkenhead Tunnel (single line) 

Box Tunnel, on Great Western, . . 

Bletchingley, South-Eastern . . 

Cheltenham . * .... . 

Clay Cross, ITorth-Midland . . . 

Grovely Hill, Bristol and Birmingham 
Kilsby, London and North-Western 
Leeds, Leeds and Selby . • ♦ * 

Lime Street, Liverpool . . . . 

Koyston, North-Midland . . . . 

Saltwood, South-Eastern . . . . 

Summit, Manchester and Leeds * 
Whitehall, Exeter ..... 


Price per yard, 

£32 in red sandstone, 

100 „ oolitic rock 
72 
34 
100 

32 ,, marl 
125 

25 ,, shale & coal measures 
80 „ red sandstone 
50 ,, red sandstone 
118 
97 
53 


The expense of the Kilsby and Saltwood tunnels was increased by meeting with 
large quantities of water. 

It may be mentioned here, that in tunnelling through chalk, are fre- 

quently met with, which are cylindrical shafts, w^orn apparently hy the rotatory 
action of water and stones, and filled generally with gravel or some other foreign 
substance ; and the removal of the chalk from below the bottom of these, leaving only 
a thin shell to support them, frequently causes their contents to breakthrough, and 
occasionally to do serious damage to the tunnel. 

Viaducts , — In the construction of viaducts, either instead of emhankments or to 
carry a railway over roads, rivers, &c., Engineers appear to concur in considering that 
brick and stone are the most desirable materials to use; but questions of economy, 
and the necessity of crossing large spans with a level soffit, often compel them to 
adopt wood and iron : and where the foundations are treacherous, as in the mining 
districts, or where the substrata are compressible, a flat soffit affords capabilities for 
repair which are higbly advantageous. 




Altlioxigli it does not properly fall within the present limits to describe the rmme- 
rous Yarieties in the modes of construction of bridges to which the rapid extension of 
railways has given rise, it does appear desirable to state the effect which velocity has 
on bridges subject to deflection in increasing the strain due to a given weight. 

Effects of Velocity on Bridges subject to Deflection . — If a weight be laid upon a beam 
supported at each end hy props, it will produce a deflection; this deflection will he 
greatest at or near the centre, hut the greatest curvature will occur at the point 
where the weight is suspended. If the weight be made to traverse the beam with 
rapidity, it may be conceived that an additional effect due to the motion of the body 
in a curve will be produced, and that the re-action of the beam would be the resultant 
of this additional force, which would act in the direction of the radius of curvatua^e 
and of the force of gravity. This re-action of the beam maybe resolved into two 
forces, one acting in the direction of the tangent to the beam, the other at right 
angles to it ; and this latter force would represent the tendency of the bar to break. 
It will, upon consideration, be evident that the additional effect above mentioned 
will vary dii’ectly with the square of the velocity and the deflection, and inversely 
with the length of the beam. The mathematical investigation of this question is 
extremely complicated. The following is a short sketch of the mode of solution 
adopted by Professor Willis and Professor Stokes, and given at full length in the 
Appendix to the Report of the Commissioners for inquiring into the Application of 
Iron to Railway Structures. 

It may be deduced, from what previous writers on the strength of materials have 
said, that if a weight he suspended from a beam (the inertia of the beam being 
neglected, and the weight considered as a heavy moving point), and if the deflection at 
the point of suspension =1/) and the distance of the point from the end of the har=a;, 
the half-length of the bar=:a, and the weight suspended =W ; then y=cW (2 a x — 
when c is a constant quantity dependent upon the elasticity and transverse section 
of tbe bar. How if M he the mass of the weight, S the central statical deflection, 
or deflection produced hy the weight when at rest, and R the re-action between 
the body and the bar (which, as the deflection is small, may be supposed to act verti- 
cally), the elastic re-action of the bar at any point (its inertia being neglected) is equal 
to the weight which, when suspended at that point, would depress it to the same 

distance below the horizontal line. Therefore, R = W = — . r and if 

c ’ 

or half the length of the bar, y becomes equal to S ; and if R=E^ (when g represents 
S 

the force of gravity), How if the weight be supposed to move with a 

velocity the forces which act on the body are its gravity and the re-action of the 
bar. Whence is obtained tbe equation of motion, 

S ■(2 a®— 

which, since T=== 77> ^^cornes 


dx^ {flax ~~ off* 

The integration of this equation would give the form of the path of the body. 
But it cannot apparently be integrated in finite terms, except for an infinite number 
of particular values of a certain constant involved in it. Tliis constant has been 

ft (j^ 

termed A and a small value therefore corresponds to a short bridge and 
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a high velocity, and a large value to a long bridge and a lower velocity. If we put g— 
32-2 feet, length of bridge in feet, V = velocity in feet per second, andS = 
central statical deflection in inches, we shall have 


i8= 24*15 


V2Q* 


When & is large, the following series will express the ratio of the central deflection 
due to the moving w'eight=D, to the central statical reflection = S. 

B , 1 5 13 

S 2i32^i33^ 

When ^ is equal to, or greater than 100, the first two terms of the series will be 
true to the third place of decimals ; substituting therefore the value of /Q we obtain 
4Y2 S2 

B — S -i — Hence, for a given load, the increment of deflection due to velocity 

varies nearly directly as the square of the velocity, and inversely as the square of the 
length of the bridge. But this is on the supposition that the mass of the bridge is 
insignificant. 

When the inertia is taken into account, the problem becomes so complicated that its 
complete solution seems to elude the present powers of analysis. It appears, how- 
ever, that when /3 is less than about unity, the inertia will diminish the central 
deflection due to the moving vreight. When i8 is greater than unity, the inertia will 
at first increase the deflection, and bring it to a maximum, and then diminish it. 
An appropriate solution of this problem has been obtained by Mr. Stokes, for the 
two extreme cases in which the mass of the body or mass of the bridge are neglected j 
and although in the cases similar to those in practice, where the masses are very 
nearly equal, the effects are so mixed up together as not to he as yet fully developed, 
the following Table, wbich has been calculated empirically, will serve to shew roughly 
the increments of statical deflection due to different conditions of bridges, rintil 
further experiments and a perfected theory shall have determined the question more 
exactly. 

In the following Table, 2= length of bridge in feet, V= velocity of moving weight 
in feet per second, S= central statical deflection, or deflection due to the weight at 
rest on the centre. 


Talues of 

24-15 ii. 

T^S 

5 

6 

8 

10 

15 

20 

25 

30 

40 

50 

100 

200 

Increments of S 
when mass of bar 
is neglected. 

'30 

•23 

•18 

■u 

•10 

•06 

•05 

•04 

•03 

•02 

•01 

•005 

Increments due to 
the inertia. 

•25 

•22 ' 

*19 

•17 

•14 

■12 

•11 ' 

•10 

•09 

•08 

•05 

•04 

Total increments 
of statical deflec- 
tion. 

•55 

•45 

'37 

•SI 

•24 

•18 

•16 

•14 

•12 

•10 

•06 

•045 


To apply this Table to any given bridge, the statical deflection due to the greatest 
load which is liable to pass over it must be ascertained, and also the greatest pro- 
bable velocity : from these data, and from the length of the bridge, the value of 


■yss 


must be calculated. 


The increment of statical deflection which corresponds 
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to this value will be found in the lower line of the Table ; and since for small deflec- 
tions the strain may be considered to increase with the deflection, the greatest load to 
which the bridge could be practically exposed should be diminished in the proportion 
of the total increment of statical deflection in the Table. 

■Strength of Iron . — The cheapest and most prevalent description of iron bridges in 
use upon railways is the simple cast-iron girder bridge, and tbe form usually adopted 
is that recommended by Mr. Hodgkinson, the top and bottom flanges being made 
parallel for convenience, and the sectional area of tbe bottom flange being made from 
four to six times greater than that of the top, on the • Fig. 8. 
assumption that the strength of cast iron to resist a a 

tensile force is less than its strength to resist a | j 

crushing force in that proportion ; and the breaking 
weight may be calculated from the following foranula, ^ G- 

■where W= breaking weight in the middle of the beam, 

I = distanc( 


between tbe sui>ports, in feet, a — area 
of section of bottom flange in the middle, cZ = depth 
of beam in the middle, — 


or, the effect of the vertical part between the flanges is included, and cZ = A 0 =: 
whole depth, <Z' == A B = depth to bottom flange, 6 =I)E = breadth of the bottom 
flange, 6' = F Gl = thickness of the vertical part, 


The following formuIsB, expressing the relation between the extension and com- 
pression of oast iron, and the weight producing them respectively, are given in the 
Eeport of the Commission on the Application of Iron to Bailway Structures, viz. 


Eor extension, 13934040! 


-2097432000- 


Eor compression, 12931560: 


522979200 


where 20 = weight per square inch of section, Z = length of bar in inches, e = exten- 
sion in inches, d == compression in inches. 

Eormnlse have, however, been derived by Mr. Tredgold from the same, experiments, 
which appear to be more convenient in calculating the strength of beams, from tbe 
consideration of the forces of extension and compression acting round the neutral 
axis: the formula) are — 

For extension, to 


13002840cZ 


Eor compression, -U) 

Z +51*6tZ 

The mean tensile strength of cast iron is 15711ibs per square inch, and the 
ultimate extension gjg of the length : this weight would compress a bar of cast iron 
of the same section of its length. The general ratio of tbe power of cast iron to 
resist tension to that to resist compression is 1 : 5*6603. In wrought iron the exten- 
sions and compressions with equal weights are nearly equal, and a rod will extend 
‘01124 inch for each foot in length with a weight of 11 tons per square inch. Up 
to this weight the extension may be assumed to vary nearly with the weights ; but 
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beyond it the elasticity is considerably injured. Cast iron is decreased in length 
by compression about double the amount that wrought iron is with equal weights, 
whilst the ultimate strength of cast iron to resist compression is twice or three times 
as great as that of wrought iron. Cast iron will not bear reiterated flexure due to 
more than ird of its breaking weight ; and on account of the concussions to which it 
is exposed in railway bridges, it is considered that the ultimate strength of cast-iron 
girders should be equal to three times the permanent load, and six times the greatest 
moving load that could come upon tbe hridge. Judging from the structures of^the 
most eminent Engineers, it would appear that they consider 5 tons per square inch as 
the greatest strain to which wrought iron should be permanently exposed in railway 
bridges. The strength of plates of wrought iron, when compressed to resist buckling, 
will vary nearly as the cube of their thickness up to about 9 tons per square inch ; 
heyond this the metal becomes injured, and the increase of strength will he more 
nearly in proportion to tbe thickness. Riveting, when executed in the best manner, 
will reduce the tensile strength of wrought-iron plates to about frds. Long-continued 
impact on riveted tubes, producing a defl^^ction of less than one-fifth of wbat would be 
required to injure the tube by pressure, was shewn by Mr. Hodgkinson*s experiments 
to be totally destructive to tbe riveting. 

Bridges .— dimensions for bridges over roads will of course he regulated hy the 
nature of the traffic upon them : in this country, unless other sizes are provided hy 
the Special Act, the Railway Clauses Consolidation Act allows the following minimum 
dimensions, viz. For a turnpike -road, the height from the ground to the springing of 
the arch, 12 feet ; height to the crown of the arch, 16 feet; span, 85 feet : for a 
public carriage-road the height must be 15 feet to the crown of the arch, and tbe span 
25 feet ; and for a private carriage-road the height must be 15 feet ; and the span 12 
feet. By the same Act, the steepness of the approaches to bridges is also regulated, 
viz., the greatest slope for a turnpike-road is 1 in 80 ; for a public caniage-road, 1 
in 20 ; and fora private carriage-road, 1 in 16. It should, however, he remembered 
that whilst a moderate incline would be very severely felt where the adjacent roads 
are level, in hilly country it would scarcely be perceived.* 

The average cost of bridges, including tbe approaches, in this country, may be 
roughly assumed at — for turnpike-roads £2000 each ; for public carriage-roads, from 
£1000 to £1500 ; and for farm or occupation roads, from £300 to £500 each. 

The following list of prices for buildings, &c., may be considered as an approximate 
average of the cost in this country : 

Average. 

Masonry — of fitted rubble set in mortar, including all erections, cen- £ s. d. 
tering, scaffolding, excavation of foundations, backing, and 
all contingent work necessary in the construction of tun- 
nels, . . . . . . . from 255. to 45s. per cubic yard, 1 18 0 

Ditto — ^arches, spandril walls, or parapet of culverts, or any other 

work not exceeding 2 feet in thickness, from Ids. to 25s. do, do. 0 19 G 

Ditto — retaining walls, wing walls, and abutments, and all work 

exceeding 2 feet in thickness, , . .... , . do. do. 12 0 

Ditto — of common rubble in boundary walls, from 1 Os. to 14s. do. do. 0 12 0 

Brichworh — set in mortar, including all erections, centering, scaffolding, 
excavation of foundations, backing, and all contingent work ne- 
cessary in the construction of tunnels, from 28s. to 32s, do. do. 1 10 0 

* Tables shewing the ratio in which the quantities of materials for bridges increase with the 
increase of height are given in the article ‘Passage of Rivers/ p. 69. 
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arclies, spandril walls, or parapets, or in culverts, or all 
work not exceeding ^ kricks in tMekness, from 17^. Qd. to d5s, 

per cubic yard, 

Ditto — ^retaining walls, wing walls, and abutments, and all work 
exceeding 24 feet in tbiekness, . . from 145. to 305. do, do. 

Addition to above, if set in Roman cement, . from Bs, to 10s. 

do. do. 

Ditto ditto for tunnel, from 2s. to 7s. do. do. 

Coping of brick, set in cement, , . from Is. M, to 2s. per cubic foot, 
Block stone in courses, set, ...... . . . . . do. do. 

Coping string-courses in stone, dressed and set, 2s. to 3s. 6i. do. do. 
Asblar, ditto ditto. ...... do. do. 

Concrete, including excavation, . . from Os. to 10s. per cubic yard, 
Timher-worh — dr-framed, creosoted, carried and fixed in place, including 
pile-driving and all contingencies, from 3s, Bd, to 5s. do. do. 
Wrought iron.— -fixed and painted, . . . from £18 to £38, do, do. 
Cast tVon.— fixed and painted, . . . from £10 to £17 10s, do. do. 


Level-Qrossings.Shietj requires that level crossings should be used as rarely as 
possible. When unavoidable, the line should be visible for some distance on each 
side, and a policeman or gate-keeper should he stationed at every crossing of a public 
road. In some cases, particularly where persons on the crossing cannot command a 
good view, or where the crossing is approached by a steep gradient on the railway, 
signals should be introduced. The average cost of a level crossing, wfith gates and a 
porter’s lodge, is £450 ; a paved crossing, with gates for an occupation-road, will 
average £40. (See Plate III.) 

The number of communications per mile across railways, taken from an average of 
1200 miles, selected from different parts of the country, is 3*31, classed as follows : 
bridges over the railway, *9 per mile j bridges under the railway, '96 ; level-crossings, 
1*45. 

Draining.— It is essential that the slopes and revetment walls of cuttings be well 
drained, as also the roadway. (See Plates I. II.) Water should be prevented from 
accumulating, and wherever it is known to exist, its immediate source should be 
traced, for it is to the neglect of tbis precaution that most failures of works can be 
attributed. In solid earth or rock, good ditches will suffice for the side drains ; but 
where depth is required, or where the earth is soft or wet, the sides must be revetted. 
The expense of culverts may he supposed to average £400 per mile. 

Foinnation.— The width of the formation varies from 28 to 31 feet, and the centre 
is usually raised from 3 inches to 6 inches above the sides, for the sake of drainage. 

Permanent Way . — -The permanent way comprises the ballasting with the rails and 
their supports ; in fact, aU between the formation and rail level. The ballast should 
be generally not less than 18 inches in thickness between the formation level and the 
sleepers carrying the rails, but this depth varies with the nature of the substratum on 
which it is placed j its use being, in bad soil, to produce a distribution of the rolling 
weight over a larger surface than that immediately beneath the sleepei-, and to keep 
the latter dry. For this surpose, the formation should have been first carefully 
formed with side ditches, and sloping from the centre towards both sides. Too much 
attention cannot be devoted to this subject, as much of the permanent cost of working 
depends upon the goodness or otherwise of the permanent way, one principal element 
in the maintenance of which is a well-drained substratum upon which it may rest. 
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Bails, — Bails, as laid afc present, may "be classified under two general forms, tlxe 
requirements of wMcli are somewhat different according to the means of support 
adopted. The douhle-headed rail, modifications of which are shown in Plates IV. Y., 
has been generally used upon bearings at varying distances formed by sleepers 9 feet 
long, with a section of not less than about SO square inches : between each of these 
sleepers the rail forms a bridge upon which the wheels travel. In this case the 
rail requires such a depth and section that the passing weights shall produce no 


Fig. 0. 



great deflection, even though by an inequality in the road, or other cause, the weight 
of a pair of wheels be thrown upon one rail, and an occasional hearing be absent or 
defective. The weight, according to present practice, to be provided against may 
be taken as 5 tons upon one wheel, so that 10 tons should not produce a great deflec- 
tion at a double distance or interval. It is obvious that, in every description of per- 
manent way, the joint of the rail must be the weakest point, as far as the rail itself 
is concerned, and will require therefore to be specially strengthened by artificial 
means. In the transverse sleeper road, these means are provided by shortening the 
hearings, or bringing the sleepers nearer to each other as they approach the joints, 
and by placing larger sleepers or chairs under the joints, and by connecting adjacent 
rails at the joints by fish plates, or bracket chairs, or some other means. 

The other class of rail in general use is known under the name of the bridge- rail, being 
of the form shown in Plate VI. It is usually placed upon longitudinal sleepers or 
bearers, which have a continuous bearing upon the ballast, and therefore it does not 
require to be so strong and stiff as that used with supports having intervals or spaces 

Fig. 10. 
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between them. The sleeper and rail in this case form a joint beam, and under the 
supposition that they are everywhere adequately supported, no strain is brought 
upon them beyond the mere crushing force of the rolling weight. This, however, 
cannot well be the case in practice, as no perfectly incompressible substance can be 
placed under the sleepers ; and hence the effect of the rolling weight is at length 
to permit a small depression throughout the whole length of the rail, which causes 
the wheel, as it were, to he always working against an ascending or cnrved incline. 
In this description of permanent way, the timber sleepers are generally 14" x 7" 
in section, breaking joint with the rails and with the sleepers of the opposite 
rails, and they are kept apart and in proper relative position as to cant by cross 
timbers or transoms notched in between them at every 10 or 15 feet (the shorter 
distance applies to cnrves), to which straps of iron are bolted, the bolts passing 
through the sleepers, and being fixed by nuts and washers on the outside to prevent 
the rails from spreading. The rails are fastened to the longitudinal hearers by bolts 
passing through both, having large-headed fanged nuts on the under side, the fangs or 
prongs serving to hold the nut firmly to the timber, and short plates of wrought iron 
are placed under the joints, to prevent them from 'working into the timber. By this 
it will be seen, that supposing the rails to be 16 feet in length, and the gauge or 
width between the rails 4 feet 8| inches, thei*e will under each line of railway, for a 
single length of rail, he an area bearing upon the ballast of 37 feet, requiring about 
22| cubic feet of timber. 

Supposing the transverse sleepers to he adopted, five in number to each length of 
rail, and 9 feet in length, in order to afford an equal hearing upon the ballast, they 
should be 10 inches wide ; and taking them at 6 inches in depth, which is the least 
that should be adopted, 18| cubic feet will be required for 16 feet of rail way : this is 
under the supposition that the whole of each sleeper bears upon the ballast, which in 
practice is never found to be tbe case, as the plate-layers usually pack up the ends of 
the sleepers and leave the middle untouched. Now, from what has been before 
stated, the bridge-rail does not require to be so stiff and strong as the rail upon 
supports at intervals, and it may be assumed, that a rail weighing 60Ibs. per yard, 
upon the former is as effective as one weighing 70 or 751bs. upon the latter ; and 
again, the latter requires cast-iron chairs for seating it upon the sleepers, which 
generally average about one-third the weight of the rail, with a slight addition 
in weight to the chair which contains the joints of the rails ; so that, as regards the 
expense of material, it appears that upon a gauge of 4 feet 8| inches, the rail upon 
continuous bearings is cheaper than that upon supports at intervals. As regards 
efficiency, the question between the two systems admits of some doubt : the continuous 
bearing is probably more difficult of removal in case of decay, and its maintenance 
is troublesome. Upon the stability and condition of the permanent way depends 
in a great measure the expense of the working of the railway. Inequalities in the 
road may he considered as synonymous with increase of power, in proportion to 
weight moved, with reduction in speed when like weights are moved, and in both 
cases increased wear and tear upon the moving stock; and in proportion as the 
moving weights become unsteady, the difficulty and consequent expense of properly 
maintaining the road increases, each acting upon the other in a direct proportion. It 
is evident, therefore, that the solidity and good construction of the permanent way 
are of the first importance ; and to establish it, the following points are those princi- 
pally to be attended to : 

1st. The draining of the formation surface. 

2ndly. The nature of the ballast, which should be easily permeable by water, and 
at the same time have a sufficiency of fine materials to bind it together to a certain 
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extent.* It slaould not l>e of so light a nattire as to produce dust, or to be easily 
raised by the current produced by passing trains, or by wind, and so get into the 
working parts of the engine or the axle-boxes of the carriages, and also incommode 
travellers. When broken stone can be obtained, it may be considered to form the 
best ballast, provided a few inches of gravel or very small stone be laid between it 
and the timber. 

3rdly. The smoothness of the joints of the rails, to effect which care should be taken 
that the rails are square-butted and well seated on the chairs or longitudinal timbers, 
and so fixed that, in expanding and contracting from the effects of temperature, the 
intervals between the rails shall not much vary : these intervals are often increased 
in the case of transverse sleepers by the effect of the traffic passing always in one 
direction and drawing the rail in the direction of motion. The perfection of a 
permanent way is for every part to be alike in solidity and smoothness ; and for this 
purpose the attention of the Engineer should be especially directed to the joints, 
which are naturally the weakest points in the rails. When railways were first com^ 
menced, machinery not being so perfect as it is at present, it was found impracticable 
to obtain rails of sufficient weight of greater lengths than 15 or 16 feet; but by 
improvements in the process of manufacture they may now be procured of nearly 
double that length. It is therefore advisable, in determining the rails for a railway, 
to ascertain to what lengths rails of the required weight can be rolled, and to adopt 
those of the greatest length, even at an increased cost, as the joints or weak parts 
decrease in the ratio of the length of each i*ail, and there is a corresponding reduction 
in the means to be applied to stiffen the joints, and in the labour necessary to maintain, 
them. In the comparison of the two systems, it should not be omitted that until the 
introduction of the fished joint the continuous bearing decided superiority over 
•the ordinary transverse sleeper road, by dispensing with the cast-iron chairs, which 
often break, with the oak keys used to fasten the rail in the chair : these keys, by the 
effect of the atmosphere (damp expanding and dry hot weather contracting them), are 
constantly varying even in the same day from tight to loose, and vice verad, and are 
acted upon by the friction of the rail, which, in expanding, contracting, and deflecting, 
tends to move them, so that they are a constant source of anxiety, and require to be 
examined daily at least once, and, where there is a night traffic, twice. It is a very 
common thing for the key of the joint chair to work clear of the joint, and so leave 
the rail at that point without lateral siqiport, which must be highly dangerous to 
passing trains. But the fished joint and other improved means of securing the joints 
lately introduced have raised the transverse sleeper road to a level with the other. 


* The following rates iimy be assumed as the approximate cost of ballasting in this country: 

Average per cubic yard. 

^ .. 

Excavating, carrying, depositing, and spreading material for ballast, ffiom 

U 6c2. to 8«. 2 li 

If obtained from the necessary excavation of permanent cutting, and paid 
for once as earthwork, and with a lead not exceeding half a mile . , 2 0 

Broken stones or coarse ballast . , , . . from 1#. to 3«. 2 2^^ 

Burntclay . . . . . , . , . firom 2«. 6d. to 4s. 6^. 3 6 

Gravel or other fine ballast . . . . . . from Is. 2(«. to 2s. I 'T ‘ 

If obtained n’om side Cuttings or elsewhere, and not otherwise paid for as 

earthwork : 

Broken stone for coarse ballast . . . . . . from 2s. to 3s. 2 6 

Burnt clay . . . . . . . . , from .3.?. to 4s fid. 3 9 

Gravel or other fine ballast , . . . . . from Is. fid, to 2s. fid. 2 0 

If the lead exceeds half a nule, addition to the prices named, according to 
the increase of distance for any fractional part of a rnile^ at the rate per 
mile of . . , . . . . . . . from 4d. to 8d. d 
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Tlie danger apprehended from the use of the chair and key has induced the intro- 
duction, on the Irish railways, by an eminent Engineer, of a system combining the 
two, the bi’idge-rail being spiked directly to transverse sleepers, by which means the 
chair is dispensed with. 

Other Engineers have endeavoured to combine the two systems by placing trans- 
verse sleepers under the continuous or longitudinal bearers. This system appears 
faUhcious, for practically the two are never equally packed, and so the longitudinal 
bearer and rail become a combined beam to support the rolling weight over the 
space between the transverse supports, which are in fact the piers of a series of small 
bridges ; and unless the spans are small, this combined girder is found not to be 
sufficiently rigid. 

To remedy the defects of existing permanent ways, and remove the perishable 
material, timber, which is found to be a costly item in the working expenses of raih 
ways, various schemes have been proposed, more especially of late : but as their 
respective merits have not yet been fully tested, it would be premature in this place 
to describe them. The above principles will, however, apply in considering them, 
which it is strongly recommended should be carefully done by any person about to 
commence an extensive work of this nature. The system patented by Mr. W. H. 
Barlow, Engineer to the Midland Bail way Company, appears to afford the greatest 
promise of success as applied to a new line ; in it the bridge^ 
rig. H. rail is extended to a width of about 15 inches, the bottom 

inclining downwards from the centre, as shown in the ac- 
yj company ing figure, to prevent the ballast from spreading. 

It is proposed to make the Joints by an iron chair of large 
dimensions and ties of broad wrought iron , This road is how- 
ever found to be very hard, and easily knocked to pieces. 
Jtudinal sleeper, with chiirs attached, has also been proposed, and it 
be useful in enabling old lines to get theii* existing rails worn out without 

a constant expense for the 
removal of timber. The 
latter item has, however, 
been very much increased 
to them by sufficient care 
not having been taken in 
the selection of the timber 
in the first instance ; and 
the defects in the timber, 
by allowing ineq^lalities to 
arise in the roadway, have 
Caused the rails to wear 
out much more rapidly 
than they otherwise would 
considering all the various systems of permanent way, it behoves 
ire to profit by tbe experience which has been already acquired, and, 
D be adduced therefrom, either to adopt the best, or by combination 
produce a more perfect road. * 

Wovb , — Under the head of permanent way, it appears necessary to 

0 the manufacture of iron, as the quality of the metal is found to 
rially ; but as this is a subject in itself, those points only will be 

1 requim particular notice, and are desiderata in the manufacture 
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1st. Kails slioiild not be of too short or hrittle a nature. 

2ndly. They sboulcl present a hard surface to the passing wheels. 

3rdly. The pile should be carefully made to combine the last desideratum with a 
power to resist crushing or disintegration at the welds formed near the upper surface 
in rolling ; or, in other words, they should not be liable to lamination. 

4tbly. The ends should be square-butted. 

Sthly. Tlie rail should be straight, even, and uniform. 

To ascertain, as far as possible, on obtaining rails, that due attention in their 
manufacture has been bestowed upon them, it would appear desirable to select a 
certain proportion, and after having gauged them by templates and weighed them, 
to obtain their deflections under dead pressure, and their power to resist fracture by 
impact. : 

The weight to which rails can be rolled is limited only by the power of rolling the 
iron fibrous and sound : they have been rolled to more than lOOfibs. per yard. No 
accurate average of the wear and tear due either to the passage of trains or to the 
weather has been published ; but the destruction of the rail is generally due to lami- 
nation. To guard against this, it has lately been proposed to harden the upper 
surface of the rails and render the lower flange fibrous, by adding a small proportion 
of tin in the fii'st case, and of calamine in the second, to the iron in the puddling 
furnace. 

In laying the permanent way of a railway in those positions where it passes round 
curves, it is considered advisable, in order to diminish the resistance, to lay the rails 
slightly wide in gauge, to the extent of probably a quarter of an inch, and by raising 
the outside rail to counteract the centrifugal force consequent upon the movement of 
the train in a curve. To estimate the amount of this, if i;' represent the velocity of 
the carriage in feet per second, and / represent the radius of the curve in feet, the 

effect due to the centrifugal force will be— ; and if x = the super-elevation of the 

outer rail, and w = width of gauge (expressed in the same denomination as the super- 
elevation), which, as a: is small, may be assumed equal to the length of the inclined 
plane formed by super-elevating the outer rail, — then, since a body would fall 16*1 

feet in a second by gx'avity alone, 16T— = tendency of tbe body to slide down the 

w 

inclined plane by which the centrifugal force is to he counteracted. 

Therefore, to determine the super- elevation of the outer rail, 


'y " Wo* 

; — or X = : 

2/ 32 '2/ 


and if 'y = velocity in miles per hour, 
and r = radius of curve in chains, 


we shall obtain x = 


-w, nearly. 


Hence the super-elevation of the outer rail increases directly with the width of 
gauge and the square of the velocity, and inversely with the radius of curvature ; and, 
theoretically, the limit to which it can be carried appears to be the point at which 
packages in goods carriages moving at low velocities would not be liable to displace- 
ment, When the super- elevation of the outer rail is great, and must be attained 
gradually, the curvature at each point should be proportioned to the elevation, and 
this would form a curve approaching to a parabola. If, instead of considering the 
rails laid down in a curve, each rail be looked upon as the side of a polygon inscribed 
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in a circle whose radius is the radius of curvature, as is generally the case in practice 
with rails when first laid, different conditions will ensue ; hut it is found that by use 
the rails soon assume the form of a curve. 

Practically, the limit to which the super-elevation of the outer rail can he carried, 
is about 4 inches on the narrow, and 6 inches on the broad gauge, and the elevation 
of the rail is commenced on the tangent before the curve is entered upon. The 
distances usually allowed between the lines of rails in a double railway is 6 feet, 
which amply provides for the security of carriages and trucks of the construction in 
ordma?*?/ use on railways in England. 

Points and Sioitches . — In order to pass from one line of rails to another, cross-over 
roads are introduced (see Plates Y. YII.) : these should in all cases he placed near 
stations, in order that the points may he under the surveillance of trustworthy 
persons, if possible the signal-men, — as indeed should be all points : a drawing of 
"Wild’s patent point or switch, apparently combining all the advantages of those in 
general use, is given in Plate V. 

Points should in double lines be placed so that trains in passing over them, in the 
right direction of the traffic on the line on which they are moving, cannot leave their 
line without backing, either to pass into a siding, or into the opposite line of way. 
This remark does not apply to junctions or even to principal sidings, on lines of very 
heavy and continuous traffic, where the .intervals between the trains are very short, 
and where the obstruction produced by stopping a train and moving it backwards to 
get into a siding or on to another line of rails, may produce risk of a collision. This 
latter, however, is a case that can only rarely occur, and almost exclusively in situ- 
tions where, from the inclination of the railway, it becomes necessary to move the 
train backwards, or shunt against the gradient. 

Turn4al}les,—l^o enable single carriages to be shifted from one line of rails to 
another, and to enable engines and tenders to be turned round, turn-tahles are used. 
Theyare practically formed of a pair of girders of sufficient length to receive the wheels 
of a carriage, braced together, and revolving round a pivot ; and hence simplicity and 
strength are the main desiderata in their construction. They are gonenally from 
11 feet to 13 feet in diameter, and those for turning an engine and tender without 
uncoupling, 30 feet in diameter. The small ones have usually been made of cast 
iron, but lately boiler-plate, strengthened with angle-iron, has been proposed by 
Mr. P. W. Barlow. Great solidity in the foundation, to insure an equal bearing, is 
required, and the tables iriay revolve on rollers or on shot. A pair of iron girders or 
wooden beams, braced together and supported at the centre and ends on rollers, to 
which rack and pinion work is attached, form a good substitute for a turn-table. 
Rolling platforms are occasionally used to transfer carriages from one line of rails to 
another. (See Plates VIII. IX. X. XXVI. XXVIL) 

Sidings, or branch railways, for the reception of trains or carriages which 
are required to he off the main line, are provided at or near stations, as well as, at 
intervals, on railways with only a single line of rails : except near the points of 
junction, they should be at least 6 feet distant from the main line, as should also he 
paralleMines of rails. 

question of signals on railways is one of paramount importance ; for 
the freedom of trains from accidents when moving at high velocities depends greatly 
upon the facility with which signals are seen, and the efficiency with which they are 
worked, At all places on a railway where engines or trains are usually stopped, per- 
manent signal-posts should he erected, by means of which easily intelligible signals may 
be made in each direction, and also at level crossings near curves or steep gradients, 
wheie, the view being obstructed, especial precautions are required. For these purposes 
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the semaxihore rngntil bas been found to answer remarkably well. In it an arm, painted 
reel, extended thus, signifies ‘caution/ and thus, { signifies ‘danger/ or 


signifi 


r 


Fig. 13. 



‘stop,’— tbe arm being suffered to bang down vertically to signify that tlie line 
is clear and all is right for an approaching train to proceed. These arms are usually 
made to work simultaneously with and by means of the same handle as lamps, — a 
green light being shown to represent ‘ caution,’— a red light, ‘danger,’ — and a white 
light to signify ‘ all right.’ As an auxiliary to these signals, additional posts with 
arms are now very generally placed at 600 and even at 800 yards from the principal 
stopping-places, so as to give timely notice to engine-drivers of any obstruction in 
case of fogs or hazy weathei*. These signals are easily worked from a lever hy wii’es 
laid by the side of the railway, supported on friction rollers fixed to short posts. 
When requii’ed to be carried round curves, lateral rollers are also used, the limit to 
the distance at which these signals cjin be placed being the extent of view of the man 
who works them at the lever, It is very desirable that in all 
cases, where practicable, the signals at a station should he all 
under the control of one man, who should also, if possible, have 
a handle in his box to work the points, with an indicator to 
show when they are propeidy closed, The signal box should, 
if possible, be elevated. 

The annexed sketch shows a good form of danger signal when 
the points are not set to the main line. The rod is connected 
with, and turns with, the movement of the switch handle. 

In addition to the above-mentioned signals, hand signals, 
such as flags or lamps, green, red, and white, are used : and a 
code of signals is also adopted for plate-layers and labourers, 

&c., such as waving a hat in a particular manner, or placing 
the body in a particular position. And in foggy weather, deto- 
nating signals, to be fixed to the rail and fired by the wheel of 
the engine, are of great service, as well as torches stuck in the 
ground and set to burn for ten minutes or a quarter of an hour. 

Fencing . — The fencing should be sufficient to prevent all animals from straying 
Fig. 14 a. upon the railway, and may consist of 

i sunk wet fence, a stone wall, a close 
well-grown quickset hedge, a post and 
rail, or any other material which may 
suggest itself as being efficient and at 
the same time most economical, and 
will vary with the locality and the 
means afforded by it. 

The cost, at the present time in 
England, of permanent fencing of 
posts and four rails, creosoted, includ- 
ing ditches, but without quicking, one 
side only, may he assurSed to vary 
from 25. id. to 3s. Zd, per foot run ; 
average 2s. lOi. 

Batims. (PlatesXI. XII. and XIII.) 
—The number, position, and size of 
the stations will depend upon the nature, extent, and occupations of the surrounding 


A A. Refli ctors. 

B. Glass door for in- 
serting light. 



Section of a Bitch and Etui at an Embankment. 
Fig. 14 . 



Section of a Ditch and Rail at an Excavation. 
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population ; and tlieir judicious adaptation to local circumstances will exercise an ita- 
portant iniiuence on tlie development of traffic on tlie line. In towns tliey sliould "be 
conveniently accessible from leading tboronghfares ; and in selecting tlieir positions in 
the country^ great judgment is required to plan them so as to accommodMe the largest 
amount of population. The average number of stations on the lines at present open 
for traffic in (Sreat Britain is one in evei’y three miles. 

The accommodations of the stations should be such as to suit the requirements of 
the traffic, and sbouM afford a ready means of taking up and cleposi ting passengers^ 
luggage, goods, cattle, carriages, &c., &c., if necessary; as, on account of the expense, 
it may not be desirable to provide for all these conveniences at every station ; and it 
may be observed, that in general the requirements cannot be ascertained before the 
opening of a railway, and the consequent development of the traffic. As on this last 
account stations frequently require increased accommodation from time to time, it is 
advisable in the first instance to obtain ample space, and to construct the station on 
a plan capable of being enlarged. In addition, however, to these considerations 
respecting the traffic, others, connected with the worldng of the line, must operate 

with the Engineer in the choice of 
!Fi£J 14 (? . 

position and the construction of the 
stations. Supplies of water for th© 
engines should be provided at about 
every twenty miles, depending on the 
means of obtaining it, on the gra- 
dients, and on the class of engine 
employed. The water is usually con- 
veyed into the tender by means of a 
water-crane, of wbieh a drawing is 
given in. Plate XXT. and Figs. He 
and 14 (i, and, to economise fuel, is 
frequently heated previously. A re- 
newal of the supply of fuel is similarly 
required . Wlien it can be done, it is 
desirable to place a station on a level 
so situated as to have descending gra- 
dients on each aide, which facilitates 
the stopping and starting of the trains. 
Details of construction are not given 
here, as they are equally applicable to 
other buildings; but it may be ob- 
served that the principal require- 
ments, in addition to the offices, are 
large spaces under cover for the plat- 
forms, the carriages, &c., as also 
stables for spare engines (see Plate XII.), — and, at particular places, workshops 
for the repair of the stock, &c. Hence has arisen the introduction of roofs of large 
span, in which lightness and cheapness of construction are the main points to be 
attended to. These considerations, togetlier with the large space required for a 
station, point out as the most eligible site (cceteHs ^arihm) one with an even surface 
on the level of a railway, as that would involve the least amount of labour to adapt it 
to'its.obje.ct.. ■ ■ ' ■■ ■ ■ ■ ■■ 

It would be beyond the intention of this article to describe the mode of fitting up 
and the articles required for the workshops for the repair of engines, carriages, &c. , 
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Water-Craw, supplied fK>m Cistern aboT-e, 

as tliey me similar to those required for other imrposes. It may, however, he 
desirahle to notice the mode of making coke, as the expense of locomotive power is 
jmaterially dependent upon the cost of the fuel. The j)roeess of coking appears to 
free the coal from the impure gases and volatile parts, and from a proportion of the 
sulphur contained in it ; and although the heating power of coke is less than that of 
coal, coke is used in locomotive engines on account of its freedom from smoke, and, 
■consequently, not blocking up the tubes of the boiler. Goal also cakes, and requires 
to be frequently stirred, whilst coke will remain for a long time in an ignited mass, 
through which the air can pass j and hence a different construction of grate is required 
for each. 

The best description of coals for coking is stated to be the poorer sert^ and not the 
rich coals adapted to household use. Freedom from sulphur is also desirable. 

Coldng ovens should be placed (when it is determined by a Eailway Company to 
erect them) on that part of the railway where coal is 
cheapest. Plates XI Y. and XV. exhibit a plan and ^ 

sections of a coking oven, on what is believed to be 

the best and most apxjroTed construction, | | | 

To make Coke . — After the completion of the ovens, =1 | | 

they are gradually heated by a slow fire, to dry the |r« f | 

brickwork and cause evaporation : by degrees, the fire ' | I 

is increased for about seven or eight days, at which | I 

time the oven is ready to receive the first charge of | I 

coals. The coal is placed in the oven on an iron | 1 

cradle, shewn in plan and section in the accompa- r | | 

nying sketch. This cradle is used to assist the dis- | | | 

charge of the ovens, and is of a shape to diminish the | j | 

liability of the coke catching in the sides of the oven, | j | 

When charged, the mouth of the oven is bricked up: J| \ 

with fire-bricks without mortar, and the doors (which 
are of iron) clo.secl, and the sides and top and bottom 

and centre division plastered over with fire-clay to section at A B. 


exclude the air : the coal gradually ignites, the draught being regulated according to 
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circumstances, as tlie state of wind, &e., by brick dampers, shewn at the top (see 
Hate XV.), which require to be constantly looked after. To assist the kindling, and 
prevent it from being the outer layer of coals alone which become ignited, the bottom 
draught, shewn in Plate XIV., is left open until the fire reaches the proper height 
after which ii is closed at the option of the burner. This draught is also required to 
allow the foul air to escape. Thefqp draught, to cany off the evaporation, is leftopen 
for about five-sixths of the time of burning. When the whole ina.ss is red-hot, and an 
almost smokeless flame issues from it, which, after continuing for some time, gradnallv 
decreases, it is time to discharge the oven. The coke is then di-awn out, and water 
thrown over it to quench it. As soon as the coke has been removed, the ovens are 
refilled with coal, which the heat of the ovens is sufficient to ignite : 48 hours are 
sufficient to convert some sorts of coal into coke, whilst others require 96 or 120 hours 
The loss of weight in converting coal into coke is about 40 per cent., {. e., a given 
weight of coals will become about two-tbircls as coke. 

* 1 , are the particulars relating to some ovens built at Bridgewater, hv 

the Bristol and Bxeter Kailway Company, on the pidnoiple shewn in the drawings • 
the labour of coking amounts to lid. per ton ; and 

1 ton of Cardiff coal produces 1 .3 ewt. of coke. 

- »> , »> ^ 5 > waste, 

” »» 4 ?} small coke of no value. 

»> 4 ashes fit for liine-burning, 

20 cwt. 

Mectrk Telegra.ph.~The electric telegraph, * from the facilities it affords for tons: 

vlfls metf f r"" u ® “““'I it. 

Vamus methods have been proposed for making and registering the signals: thai 

re reiror 6 “-.r Telegraph, on which the signals 

aie read off and written down at the rate of from about seventeen to twenty-five words 

Ssed'The wfri“““"’ self-registering telegraphs have been pro- 

1 r . mu alongside of the railways by earthenware supports 

attached to poste. The number of the wires is proportioned to the expected nuLer 

apZnrtbf Tf oommunicatL, others are 

S?or wS r ?' ® connection with each 

gutta’-pTrcha to So tr - covered with 

gutta peroha, to isolate them m passing through tunnels or near bufidinss but in 

0 ler places they have no covering ; and in consequence, in very damp welther it 

sometimes happens that the circuit, instead of being completed at the stoion toe 

mes^ge is intended for, is completed along one of the other wires ; and any increase 

e force of the battery only tends to render this more certain in sLh cases 

tote ff toratm“T ^ ^ist^ooe of 100 miles, but a clear 

state of the atmosphere is required to transport a message 300 mUes The needles 

are s Ject to_disturbances from magnetic storms, for whito a cor"ecSn is ttodutd 

r M « 7tf thunder-storms they are liable to be dem^n fed 

however, conductors have heel 

WorJ.!^ &d.-The term ‘ rolling stock.’ or working stock on a railway implies 


* See article « Telegraph, Electric,’ 
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ihe maUriel for conveying tbe traffic, and includes engines, carriages, horse-boxes, 
trucks, goods- waggons, cattle- waggons, ballast- waggons, &c. Its cost depends so en- 
tirely upon the nature and amount of the traffic, that no estimate of it can be given. 
In Great Britain, however, the cost on the principal lines now in operation has 
averaged from £2000 to £3000 per mile. 

Under the head of ‘rolling stock’ should be included the stationary plant, or 
machinery and tools in the workshops, which afford means of repair. 

Carriages^ Waggons, <&;c. (Plates XYL to XXI Y.) — The forms and dimensions of 
the various parts of the carriages and waggons at present in use on railways is the 
result of their gradual adaptation to the required strength and fitness, and not of any 
previously laid down general rule ; and the various improvements they have under- 
gone appear to have rendered them well adapted to their purpose. 

Tbe description of rolling stock to be selected for a railway will depend upon tbe 
nature of the anticipated traffic ; and in the following remarks it is intended to con- 
vey an idea of the main points to be attended to. 

The general construction of carriages and waggons, and their proportions in the 
several trains, should be such as to bring tbe average load conveyed as near as 
possible to the maximum load. In the conveyance of goods this is comparatively 
easy, but the varying numbers and divided classes for passengers entail a great loss of 
space. 

Wheels . — The wheels of railway carriages should be uniform : the proper size 
appears to depend upon the following conditions, viz. : the power required for the 
draught of wheel carriages depends principally on the friction of the axles and the 
surface resistance of tbe road, both of which may be assumed as proportionate to the 
insistent weight : the wheels do not add to the weight on the axles, but they do to 
the weight on the road; hence, although an increase of diameter will not diminish 
the friction on the axles, it may increase the surface resistance ; and hence there is a 
limit to the advantage to be derived from increasing the size of the wheels. 

The accompanying figure 
shews the general form of a 
railway carriage wheel as at 
present in use, although the 
particular modes of construc- 
tion, as to spokes, &c., vary so 
much as to render any descrip- 
tion of them beyond the limits 
of this article. Solid wheels 
have been proposed, with a view 
of diminishing the atmospheric 
resistance ; but at high velo- 
cities the spokes would carry 
round with them the intermediate air. Numerous adaptations of the tires of wheels 
have been attempted to obviate tbe danger of accident from their breaking or flying off, 
but none have yefe been found to prevent, at all perfectly, the risk of damage. It has 
not hitherto been found practicable to adapt the wheels to work independently oir 
each other on the axles, which, if accomplished, would do away with a principal cause 
of resistance in going round curves. This resistance is, however, to a certain extent, 
diminished by the coning of the wheels. 

Axles 0 / (7(zrn*a^es.— The axles of railway carriages appear to be exposed to tbe 
following strains, viz.: 


1st. That arising from the weight of the waggon and load, which acts on the 



Fig. 16 . 
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joxirnal, and is increased by the momentum acquired by the load in falling throno-h 
spaces cansed by inequalities in the road. * 

2ndly. That arising from the oscillation of waggons on curves, due to imperfect 
coupling and to lateral play between the flanges of the wheels and the rails. 

Srdly. That due to starting and stopping trains, 

4thly. The torsion caused by the dragging of the wheels in going round curves, and 
by inequalities in the size of the wheels, or in their balancing, or in the Journals, 
brasses, &c. 

The axle is also subject to constant vibration. 

From these causes it is most desirable that great care should be exercised in select- 
. ing the best fibrous iron for axles. 

Springs.— ^he strain on the axles due to the inequalities in the road is diminished 
by the use of springs, which should be so proportioned as to sustain the load easily^ 
yielding equally in all carriages with the maximum load, and sufficiently elastic to 
absorb the effect of the oscillation of the load ; to assist which, therefore, the load 
should be distributed equally on each side of the carriages. 

The springs are connected with the journal by means of the axle- 
boxes. In some very long carriages which have been lately introduced on some lines 
of railway, the axle-box is allowed considerable lateral play on the journals, to enable 
these long carriages the more easily to pass round curves. 

Framing.— The strength of carriages depends mainly on the mode in which they 
are framed, and the framing should be of similar construction for carriages intended to 
run in the same trains. The newest arrangements for timber framings are shewn in 
the accompanying Plates. 

Coupling and Buffers.— To obviate the oscillations of carriages and waggons which 
produce strains on the axles^and other parts, injury to the roadway, and deterioration 
to the loading, the connection between the carriages of a train should resemble as 
much as possible the jointing of the vertebrm in an animal’s back-bone, by which 
means the lateral action of a carriage would be neutralized by the support of the 
neighbouring ones. 

The buffers^ should be of the same size and height, and be constructed with sprini's • 
the carriages in a train should he coupled and drawn in the same manner by means 
of screw couplings and spring draw-bars ; the draught acting always from the centra 
The methods at present adopted for coupling and drawing the trains are, however, 
^ Fig. 17. ^ open to great improvement. 

'^''«“°*ofoonplingwag- 
Sons in goods trains with- 
I I spring buffers or draw- 

bars, and by a chain only, 

. liable to lead to accidents 

^^om the play which must 
* 3ieceSsarily be allowed be- 
. tween the waggons to ad- 

. . , crew oupiingr. their going round 

^ves ; since mh tame the speed is slaotened the waggons close up, and, at a fresh 
stort toe ehmns are exposed to a snddcn jerk. The forms (Figs. 17a, 176) have been 

tvi-\ T j Eailways. These jerks occasionally break the o lmto-., 

which render- a double connection desirable, and they are also liable to become nn- 
00 e in stopping, but this would he obviated by a simple arrangement. It is not 

^ Passenger-trains, espec4 wW ^n^ 
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Pamuger-Oarriages, — The amngemeiits for the parts of the carriages or waggons 
above the framing depend upon the description of the traffic for which they are intended. 
Those for passengers afford conveniences according to the class to he conveyed, and 
the classification -will depend on the nature and habits of the population of the country. 
In Great Britain there ai'e three classes, and the compartments of the carriages are 

Fig. IT a. Fig. VI b. 




Hook for Couiiling* Chain. Hook for Draw-Bar. 

small ; whilst in America there is only one class, and a passage down the centre of 
the train renders the whole of the seats accessible from one end to the other. 
Wrought iron has latterly been used by several Railway Companies as a material for 
the construction of the upper portion of both carriages and waggons. 

(JattleA¥aggon8. — The dimensions of cattle-waggons depend upon the description of 
stock and average load to be conveyed, whilst facilities should be afforded to persons 
who would load an entire waggon. The springs for the buffers and drawbars in these 
and other goods-waggons are frequently made of vulcanized India-rubber. 

Goods- Waggons. (Plates XXL and XXII.) — For goods requiring care, high-sided 
covered waggons have been found so much more advantageous than open waggons, 
from affording security from the weather and from packages falling oflT, as well as 
effecting a saving in tarpaulins, as to' compensate for their increased expense. For 
mineral traffic, the low-sided goods-waggons are genei'ally in use, the weight of the 
waggon and load being usually limited to from six to eight tons. 

The following Table will give an idea of the weight and cost of rolling stock, and 
may be assumed as a fair general average of prices, &c. 


Description. 

Weight. 

Rate. 

Locomotive engines and tenders, empty . . | 

Ist-class carriages . . . . , . ^ 

2nd „ „ . . . ’ . . , . 

3rd ,, ,, . , . . ... 

Composite carriages, or 1st and 2nd class combined . 
4th-class carriages, without seats, separated by railing 
Post-office carriages and tenders . . , * 

Trucks , . . . . . ... 

Horse-boxes . > . 

Goods-waggons. . . . . . 

Cattle and sheep cages . , . . . 

Iron hopper coal waggons , , , . . , 

Tons. 

18 ) 

7 

H 

8 

f 

3 

84 

24 

3 

2 

2200 

300 

220 

200 

600 

200 

200 

120 

120 

100 

100 

70 


To enable trains to be stopped in a moderate distance, brakes are applied 
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to the wheels of some of the carnages, or guard- vans are attached to the trains. The 
number of brake-carriages or vans per train will depend on the inclinations on the 
line and the speeds employed : with passenger-trains it has been considered that on 
an average, and to insure safety, every fifth carriage should have a brake : the engine 
also is generally reversed to assist the brakes. It must be recollected, however, that 
by stopping a train too rapidly, great injury results both to the permanent way and 
the rolling stock. (See Plate XXIIL) But still it is very important that those who 
have charge ofa train should be able to stop it within a very short distance, when 
there is risk of colHsion, or any other danger is apprehended ; and the greater the 
number of wheels to which brakes are applied, the more speedily wHl the effect be 
produced. 

The following considerations appear to he those which would determine the amount 
of brake-power. 

The forces which act on the train after the steam has been shut off are the axle 
friction and rolling friction of the train, and the pressure of the wind : the friction 
tends gradually to bring the train to rest,— the pressure of the wind to accelerate or 
retard it, as the case may be, and this will therefore be omitted from the conclusions 
to be drawn. 

■ To stop a train rapidly, trakes axe appHed to some of the tirheels, and the engine 
is reversed. The application of brakes prevents the wheels from revolving, Ind 
introduces the friction due to the weights on the wheels to which the hrakL are 
applied. The act of reversing the engine does not immediately stop the forward 
motion of the driving-wheel, but forces it to revolve at a somewhat slower rate than 
that due to the speed of the train, and thus causes a friction of surfaces to take place 
between the wheel and rail. 

The axle and rolling friction of the train may he assumed to he some proportion of 
the total weight of the train ; the friction of the wheels to which brakes are applied 
may be taken as some proportion of the insistent weights; from experiments * it 
appears that the axle and rolling friction may be taken at s|jth part of the weight of 
the train, and the friction due to the brakes at about |th of the weights on them. 

Hence, if I represent the gross load of the train, 

w „ the weights on the wheels to which brakes are applied, 

El „ the retardation in feet per second, 

g ,, the force of gravity, 

and, if the train he on an incline, 

~ ^^present the slope of such incline, 

Jr 


\334 


thelatterterm being nsed with the negative sign when the train k descending and 
the positive sign when ascending the gradient. 

If S = space traversed by train in coming to rest, 

0 = velocity in feet per second at the moment the steam is shut off and the 
brakes applied, 


S = 


2E' 




Made in October, 1849, by Capt. Laffan, R.K. 
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In estimating practically the space which would he required for a train to stop in, 
one or two seconds should he allowed for time lost in applying the brakes. 

Locomotive Engines . — Before proceeding to consider the cost of maintaining and of 
working a railway, it appears desirable to state the conditions upon which the powers 
of locomotive engines depend, and the principles which determine the form and class 
of engine to be selected for a particular line. 

The dimensions of the several component parts of an engine will be regulated by 
the nature of the line it is to be employed upon, the description of the traffic, and the 
speed required. 

The steam-power of an engine applied to the pistons is transfeiTed to the load 
through the friction of the driving wheel on the rail; as long, therefore, as the 
amount of steam at the required pressure which can be produced by the evaporation 
of water in the boiler is sufficient to counterbalance what is taken away for the 
cylinders, the adhesion of the driving wheel on the rail will limit the load which can 
be drawn. But as the speed increases and the alternations of the pistons become so 
rapid as to take out the steam faster than it can he produced at the requisite pressure 
in the boiler, tbe pressure of the steam in the cylinders will diminish with the 
increased volume, and the pressure on the pistons will then limit the load. 

With passenger traffic, or traffic at high speeds and with light loads, a large driving- 
wheel is advantageous ; whilst with goods traffic, or traffic at low velocities, where 
heavy loads are drawn, it is usual to make all the wheels of equal size, and to couple 
them together, in order to obtain a larger amount of adhesion. The driving-wheels 
of the largest passenger-engines in this country are made from 6 to 8 feet in diameter. 
Care must be taken so to arrange the parts of the engine with a large driving-wheel, 
that the centre of gravity shall he kept as low as possible. The wheels of goods 
engines are usually 5 feet diameter. 

The area of the cylinders determines the amount of power which can he applied to 
the driving-wheel, but it is limited by the evaporative power of the boiler : the 
diameters of the cylinders of the largest engines now in use vary from 15 to 18 inches. 
The position of the cylinder has a great influence on the steadiness of motion in the 
engine, and this is conducive to safety, and diminishes the wear and tear upon 
the machinery and road. A horizontal cylinder, with a long-connecting rod, is the 
arrangement least liable to cause oscillation. The actual pow'er applied to the pistons 
is diminished by the back pressure on the pistons, from the steam not having time to 
escape from the cylinder after the stroke and before the return of the piston : this 
will depend partly on the velocity of the piston, partly on the elasticity of the steam 
at the end of the stroke, and partly on the relative areas of the escape-pipe and 
cylinders. The whole power of the steam is only required to act upon the pistons 
when an engine begins to move from a state of rest, because when the velocity acquired 
becomes uniform, the power of the steam need only operate to overcome the friction 
which would otherwise soon cause the train to stop : hence, in order to diminish 
the hack pressure, and also to economise fuel, it is usual to work engines expansively ; 
that is, to cut off the steam when the piston has passed through a portion of the 
stroke, and allow the expansion of the steam to carry it through the remainder. 
The proportion of the length of the stroke at which it is considered advisable to cut 
off the steam depends upon the power of the boiler to generate steam, since the 
introduction of steam in an expanded state into the smoke-hox renders the blast 
feeble, and diminishes the amount of steam generated by the boiler. The proportions 
will therefore vary with the relative size of the grate, boiler, and cylinder, as well as 
with the speed and power required to he exerted. With engines on the narrow-gauge 
lines it is usual to cut off the steam at from | to | of the stroke. In the ‘ Qreat 
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Britain,’ a broad-gauge engine, with an 18-mch cylinder and a 24*inch stroke, the 
steam is cut off at 18 inches when starting a heavy train,— at X6| inches when the full 
power of the engine is required, at from 40 to 50 miles per hour,— at 14| inches 
w^hen the full power is required at higher speeds. The degree of nicety with which 
the motion of the side- valve is timed relatively to the motion of the piston, operates 
strongly upon the consumption of the fuel. 

The steam, after leaving the cylindei’, is conveyed through the escape-pipe into 
the chimney, where, by forcing out the air, and then condensing it, it increases the 
draught of the fire,— the larger the amount of air displaced by tbe steam, the greater 
the blast created ; whence it would appear that the lower the mouth of the escape- 
pipe is placed, the better,— remembering that it must be kept above tbe tubes of 
the boiler. 

The evaporating power of the boiler will depend upon its size and form, as well as 
upon the size and form of the fire-box : the surface exposed to heat is increased by 
the use of tubes, the number of which will of course vary with their diameter ; 
and this is determined by considering that while the smaller diameter increases the 
amount of surface exposed to heat, it tends to dimmish the draught of the fire, and 
renders the tube liable to be choked with dust. The diameter which has been 
generally adopted is about IJ inch internally. The tubes are of brass, and are found 
to wear out much more rapidly at the end adjacent to the firebox than at the other 
end,— chiefly, it is supposed, on account of the small particles of coke carried through 
them by the draught.* It would he beyond the limits of this article to enter upon the 
details of the component parts of locomotive engines, more particularly as the subject 
is be treated under a separate bead.f It is considered that 1 lb. of coke usually 
evaporates 8 lbs. of water,— or IJ Ib. of coke per gallon of water. The Table, pages 
237, 238, shews the relation between tbe bulk, pressure, and temperature of steam. 

The largest engine on the narrow gauge will evaporate from 200 to 230 cubic feet 
of water per hour, and the largest which have been constructed for the broad gauge 
from 300 to 850 cubic feet. The following dimensions are stated to he those of the 
largest engines now in use. 

GOOnS-ENGINES. 

Narrow Gauge. Broad Gaiigo. 

Biameter of cylinder . .16 to I S inches . . 16 inches. 

Length of stroke . . . 22 to 24 ,, . . 24 ,, 

Biameter of driving-wheel , 4 ft. 6 in, to 5 ft. . . 5 ft. 

Wheels all coxipled, with a weight of from 8 to 10 tons on each pair ; total weight of 
engine about 24 to 30 tons. 


PASSENGER-ENGINES. 


Biameter of cylinder . 
Length of stroke . 
Biameter of driving-wheel 
Weight on driving-wheels 
Weight of engine . 


Narrow Gauge. 
15 to 16 inches 
21 inches 
6 ft, to 8 ft. 

8 to 14 tons 
18 to 25 ,, 


Broad Gauge. 
,18 inches. 

.24 „ 

, 8 ft. 

. lOfjj tons. 
.31 „ 


The weight on the driving-wheel should be regulated by the power in the cylinder to 


* The auiount of pressure which any boiler is constructed to bear should be marked upon 
it ; it should also be subjected to a periodical examination, to ascertain whether it is beginning 
to wear, and the probable safe pressure on the weakeat part registered; and one safety valve 
should be placed out of tbe control of the engine- driver.— 

t See article ** Steam -Engine."— 
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ovei'como tlie adliesioBj and by the strengtli of the permanent way. The adhesion 
may be taken as high as j^jth the weight on the driving-wheels j but when the rails are 
slippery, it is sometimes as low as -|j 5 th. 

Mesistances to Trains.^ThQ resistance to which railway trains are exposed is an 
important subject of inqxiiry, but a suiFioient number of experimental facts has not 
yet been collected to establish a perfect formula. 

The resistance in calm weather may be considered to be made up of three parts : 
1st, the friction of the wheels and axles of the train, which is independent of the 
velocity, but varies with the weight ; 2nd, the resistance due to concussions and 
oscillations of the train, which will, it may be assumed, vary with the velocity and 
with the weight ; Srd, the resistance from the air, which will vary with the square of 
the velocity and the frontage area of the train, 

Mr. Wyndham Harding, in a paper read to the Institution of Civil Engineers in 
1846, deduced from experiments a formula combining all these points. 

Taking the friction of the train at 6 ihs. per ton, and putting 
T = tons weight of the train, 

Y = velocity in miles per honr, 

H = area *of frontage, 

*0025 Sjs, = resistance from air per square foot of 
frontage, at 1 mile per hour, 

Y 

and assuming the resistance from concussions at he called the resistance of the 


/, Y Y2x-0025 xNn 

+ — -tt—. 


On a careful comparison of this formula, 


which was derived from experiments on the narrow-gauge lines, with some experi- 
ments made by Mr. Gooch on the Great Western Eailway, in 1848, it appears probable 
that Mr, Wyndham Harding has assumed too high a value for the second term of his 
equation, since the difference between the formulse would be more than compensated 
for by a difference in the character of the roads, and the experiments show the great 
importance of easy motion in the engine and train, and a good road : besides, although 
the resistance from friction is independent of velocity, that due to abrasion, or the 
wearing away of. surfaces, is not so ; and this may to a certain extent enter into the 
first term,: the effect of wind, also, on the side of the train will he considerable. On 
the whole, therefore, it appears impossible to assume a formula which can be at all 
satisfactory, before the several elements shall have been determined by more nume- 
rous experiments under varying conditions of weather and of permanent way. 

In order, however, to form an idea of the steam power an engine is required to exert 
in drawing a train, after being diminished by the hack pressure, it may he assumed 
firstly, that the friction of the engine gear is, when reduced to the circumference of 
the driving-wheel, about 6 fbs, per ton weight of engine and tender, and 1 lb. addi- 
tional for each ton of load ; secondly, the resistance of the train is made up partly of 
the journal friction of the axles,— -partly of the resistance of the air to the rotation of 
the wheels and axles, which wdll vary with the velocity and dimensions of the wheels, 
—the rolling friction of the wheels on the rails,— and the atmospheric resistance of 
the train, This total train-resistance at low speeds is assumed to he 8 lbs.’ per ton 
weight of the train, hut it increases rapidly with the increase of velocity; the following 
being the mean of the results given by Mr, Wyndham Harding and Mr. Gooch in 
their respective statements of the subject, viz, 
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At 10 miles per liour tlie resistance is 8 Its. per ton. 
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from the traffic of a raihvay mnst he devoted, 
first, to pay for the maintenance and working of the line,— next, to the interest on 
the sum borrowed to assist in its construction, whilst the surplus remains as profit 
to the projector’s of the line. 

The annual charge upon a railway is partly independent of the amount of traffic, 
and partly dependent upon it. 

The first or fixed charge is made up of the expenses of keeping the stations, 
tunnels, viaducts, slopes, drains, and fences in repair ; a part of the expense of 
redaying or renewing the sleepers, rails, ballasting, &e. j and a proportion of the 
expenses of management, such as the salaries of officers, police, and points-men, 
which, though they increase with the traffic, do not increase in proportion to it. 

The other or varying charge is composed of the engine-men and fire-men’s wages ; 
the consumption of coke, grease, oil, &c. j the repairs of the engines and carriages ; 
the wages of guards, porters, &c. j a proportion of the expenses of management and 
the maintenance of the permanent wmy, so far as it is affected by the traffic. 

Maintenance of Way.--ThQ expense of maintenance of way varies considerably 
from circumstances, and is rather a charge dependent on the character of the line 
and its original mode of construction, than on the amount of traffic ; for although an 
increase of traffic increases the cost of maintenance, the difference between a maximum 
and minimum traffic is of less importance than that due to other causes. In a dry 
climate this would not probably he so much the case, but in this country a great pai't 
of the deterioration is due to the weather, and the expense will therefore vary with 
the depths and heights of the cuttings and embankments, and with the nature of the 
soil through which the railway passes. When a line is first opened for traffic, the 
expenses will he greater on account of the consolidation of the, works, and any 
increased charge from this cause, or from the failure of works, may be fairly placed 


to tlie cost of construction. 

Unfortunately, sufficient attention has not been paid, or rather, sufficient details 
have not been published, relative to the deterioration of the rails and sleepers, to 
enable any general information with respect to it to be given. It is considered, by 
one party, that after a certain period they must be entirely re-laid, and that the 
current repairs cannot perpetuate, but will only prolong, tbeir existence ; and there- 
fore, that in addition to the annual outlay, a proportion of the cost of renewal should 
be set aside, so as to distribute the expense over the whole period of the duration of 
the rails j— -whilst, on the other hand, and with an equal show of reason, it is urged, 
that from the great variety in the quality of both rails and sleepers, the annual 
number requiring repair, would, after a few years, become uniform, and that therefore, 
after the first few years, it is not necessary to form any reserve fund for renewals. 
Among the chief causes of wear and tear of rails and sleepers are the great weights 
and high speeds now in use, which, in passing over the inequalities at the joints, 
produce a series of blows : it is probable that some new mode of laying the roadway, 
better calculated than the present one to resist it, will ere long be adopted. 
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Captain Hnisli, in a pamphlet lie published in 1849, considers that the rails and 
chairs will last 20 years, and the sleepers if ereosoted, from 12 to 20 years ; and he 
would lay aside from «€50 to £60 per annum as a reserve fund for renewal. On the 
Belgian railways, where tbe speed and the traific are much less than on English rail- 
ways, it has been assumed that the rails and chairs would last 120 years, and that 
^yii part of their value should be yearly laid aside, ^ — tlie duration of the sleepers 
being not less than 1 2 years. It is probable that in some of the Colonies, with a 
favourable climate, moderate speeds, and a limited traffic, this assumption as to the 
average durability would not be far wrong. 

Three men per mile may be assumed as a fair average of the number permanently 
employed as plate-layers, in adjusting the rails,' &c. 

Cost of Locomotime Power , — The expense on account of locomotive power depends 
upon the number of miles run by the engine, and is, to a great degree, independent of 
the weight of the train, except in extreme cases. The expenditure on different lines 
will vary with the facilities for obtaining coal and %vith the nature of the gradients. 

The fuel consumed by an engine may he divided into that required for getting up 
the steam, the proportion consumed while standing in reserve, and that expended in 
drawing the load ; and hence, in order to obtain the maximum return from an engine, i 

not only is it necessary to proportion the load to its powers, hut it is necessary also so 
to arrange the locomotive stock as to obtain from each, engine in steam a maximum 

train mileage. As far as it can be estimated from the return of traffic on the best j 

managed lines, it would appear that from 120 to 150 miles per day is the greatest j 

average distance run by engines hitherto ; and this probably for only four days out ’ 

of the week. , 

An engine, it has been considered, will consume 16 tbs. of coke for itself and | it>. 
additional per ton weight of train, some allowance being made for the consumption in 
getting up the steam : the cost of locomotive power, including interest on locomotive 
stock, may therefore he assumed at 7d, + cost of 40 lbs. of coke — lOc^. to IBc^, 
per mile ; and an average of the locomotive charges, estimated from the half-yearly 
returns of nineteen Companies for the last half of the year 1847, gives the cost per mile 
at 12 ‘12^^. On the York, Newcastle, and Berwick Kail way, however, the present 
average consumption of coke is 26 ibs. per passenger train per mile run, or 10 lbs. 
for the engine and 2ibs. additional, per mile, for each carriage: the goods’ trains 
vary in weight from 150 to 400 tons, and the average consumption of coke per train per 
mile, for goods’ engines, is 50 lbs. To encourage the engine-drivers to save coke, it 
is the custom on many lines to give them a premium for all the coke saved under an 
average. On the above-mentioned railway, the engine-drivers receive Is. for each lb. j 

saved under the average per fortnight, and the fire-men 4c?. j 

Wear emd Tear of Carriages, — The charges for wear and tear of carriages, and j 

interest on the capital invested in them, may he assumed at 

Ic?. per mile run for first-class carnages, 

|c?. ,, second-class ditto, 

Id, „ third-class ditto, and waggons and trucks. 

It has been estimated that on British railways the average daily mileage of 1st- 

class carriages, capable of containing 18 passengers, is 69 miles, and that they convey 
on an average 7 passengers ; — of 2nd-class carriages, capable of containing 25 passen- 
gers, it is 45 miles, and they convey on an average 13 passengers ; and of Srd-class 
carriages the daily average mileage is 38 miles ; they are capable of containing 32 | 

passengers, and carry on an average 21, -—whilst the average daily mileage of passenger ! 

carriages on French and Belgian lines is 30 miles. The average daily mileage of the j 

. R 2 ' 
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goods-carryiEg stocls; on Britisli lines is 27 miles, and the average load 2| tons; whilst 
that on Continental railways is 16 J miles. The comparatively small amount of daily 
mileage of goods-waggons is due to the time consumed in loading and unloading, and 
waiting for a complete train. It is stated that on the London and North-Western 
Bail way the number of vehicles in a passenger train averages 7, of which 4 are pas- 
senger carriages, the gross load being 70 tons ; and that the average weights of goods 
trains are 154 tons, or 120 tons net load, i e. they contain about 24 waggons. 

It is considered that the periodical repairs which the working stock of a railway 
undergoes keep it up to its effective value to the Company, and that hence no reserve 
fund is requisite for replacing it. . 

The total cost of working railway trains has been stated to be from 3s. to 5s. per mile, 
including everything ; and the following classification of the items on the London and 
Birmingham Eailway is given in the Appendix to a Report to the House of Lords on 
Railway Communication between London and Birmingham, published in 1848 : 



s. 

d. 

Maintenance of way 

. 0 

n 

Locomotive power . 

- • 1 

0 

Police . , . . . 

. 0 

2 

Coaching and Merchandise . 

. . 0 

71 

Coach and waggon repairs 

. 0 


Depreciation of stock . . . . 

. . 0 

4 

Mileage duty, , , , , , . 

. 0 

54 

Rates and taxes . . . 

. . 0 

3 

General charges . 

. . 0 

2 

Total 

. . 3 

8 


Goods trains cost per train per mile additional. 

The following is an approximate analysis of the proportions between the several 
expenses of working and maintenance, obtained from five of the principal railways 
in this country, viz.:— 


Direction and management . 

. . . 6*8 

Maintenance of way and works . . , 

. . 15*8 

Locomotive power . . ' , 

. . . 85‘1 

Carrying department . , . . , 

. . 38*6 

Office and miscellaneous . . . , 

3 •7:' 


IGO'O 


In some small lines, when ready money for the purchase of stock has not been 
easily procurable, agreements have been entered into, contracting for the working of 
the line, and it is under such circumstances alone that the system appears advisable. 
The North-Western Railway Company is one that has adopted this plan, and the North 
Staffordshire Railway Company another. In the first case, the contractor is bound to 
run trains capable of conveying 132 passengers each, at such times as the Company 
desire, at Is. per train per mile, the contractor finding the engines, carriages, &e,, 
and 6 per cent, additional being allowed him for shunting. The goods ti’affic the 
contractor conveys at Is. Sd. per ton per mile, the waggons being found by the Com- 
pany. The following Table shows the rates to be paid by the North Staffordshire 
Railway Company to the contractor, who finds all the locomotive stock, plant, &c. 
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Locomotive power per mile. 

Carriages, &:c., per mile. 

Miles per 

1st Class. 

Composite. 

2nd Class. 

3rd Class. 

Horse-boxes. 

Brake vans. 

Carriage trucks, 
vaus, to. 

c» 

% 

' 

ft 

S 

30 1 iO 

IS 

'12 

Passengers. 

Goods or 
minerals 
weighing 
120 tons. 

d. 

13 

d, 

144 

d. 

134 

d. 

n 

s ' 

a. 

1 

cl. 

cl. 

4 

d. 

5 

0 

d. 

i 

d, 

4 

1 

1 


!fhe contractor is subject to certain charges for use of stationary plant, kc. 

Cost of Worhing , — The following statement of the cost of working and .maintenance 
for the half-year ending June, 1850, on the London, Brighton, and South Coast 
Railway, may prove interesting : — 


Maintenance of way per mile run . . . . 

Maintenance of way per mile of railway ^ . . 

Locomotive power per train per mile .... 
Coach and ■waggon repairs per train per mile . 

Coaching per cent, on coaching receipts 

Goods charges per cent, on goods receipts 

General charges per cent, on gross receipts » . . 

Taxation per cent, on gross receipts . . . 

Average receipts per train per mile, exclusive of cartage 

Total expenditure per train per mile 

Total expenditure per cent, on gross receipts 


. 6 ‘ 16 c 2 . 

. £93. 

. 104. 

. %l. 

. 8 

. 13i 
. 2 ^ 

. 7i 
. 7a. 7d 
. 3a. M. 
. 43^ 


It would appear also, from an average obtained from the returns of the principal 
Railway Companies, that 43 per cent, is about the proportion of the expenditure to 
the gross receipts in this country, whilst the average return on the capital has been 
stated to be 3 ‘4 per cent. From a return of railways in Prussia, Austria, Saxony, 
and Bavaria, it would appear that the expenses of working, in 1848, -were 58*46 per 
cent, of the gross receipts, and the return on the capital expended 3 *19 per cent. From 
the half-yearly return of traffic on railways published by Government, it appears that 
the proportion of goods to passenger traffic is continually on the increase. 

It may be as well to mention in this place, that the rapidity of transport between 
two places by train on a railway will depend more upon the number of intermediate 
stoppages than upon the speed maintained by the train whilst in motion ; since each 
stoppage may be considered to consume five minutes, viz. : 1| minute for the train 
to come to rest, I 4 minute to start, and 2 minutes to remain at the station. 

jPara?. —The fares which the public have to pay on railways may be divided into 
two parts ; the first being what a Company constructing a line would charge as a toll 
upon the passengers and merchandise using it, and would be made up of a sum for 
interest on the capital expended in the construction of the line, the ,||^t of mainte- 
nance, and of police. The second is, what a Company working the line would charge, 
and is made up of the actual cost of conveyance, the interest on the working stock, 
and the charges for superintendents, clerks, porters, &c. The proprietors of a railway 
will always be able to carry at a lower rate than any one else upon their own line 
under a fixed system of toils, because any receipts beyond the mere cost of conveyance 
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and maintenance would Le a profit; wMlst otter persons using the line would 
have to pay, under tte head of toll, a fixed interest on the capital employed in the 
construction. 

In fixing the sums to be charged, therefore, it is necessary to obtain an approximate 
estimate of the number of passengers, and the quantities of merchandise to be 
expected on a railway, — assuming, in the first case, a certain number of trains per 
day for the cost of locomotive power and in estimating the price per ton to be charged 
for noerchandise, the gross amount would be divided by what would constitute an 
average load, the classes of goods, cattle, &c., being obtained from an assumed bulk 
per ton. 

Tragic , — The first point to be considered in estimating tbe probable traffic on a 
railway is the size of the district which will employ the line as a means of conveyance. 
In a wealthy and a mercantile community, where time is of more value than money, 
the most rapid mode of conveyance will be preferred ; whilst in a poor country, and 
for the carriage of goods, the railway will only be adopted when its use will insure 
diminished expense ; or, in other words, the limit for the probable contingent traffic 
of a railway will be the point at which the land carriage to the line, together with 
the conveyance upon it, can be effected in less time or at less expense than the other 
available land carriage for the whole distance. It must, however, be borne in mind 
that the land carriage to the line should be estimated along the main roads leading 
to the nearest station, and that for short distances the inconvenience of changing 
carriages, and the delay, will often more than counterbalance the advantages to be 
derived from using tbe line ; and hence, for the full development of local traffic, rigid 
punctuality in the arrival and departure of trains is of more importance than appears 
to he generally understood. 

In estimating the passenger traffic, it may be assumed that the interconrse between 
different places would vary as the product of the population, and according to some 
law of the distance, all other circumstan ces of population and rate or speed of con- 
veyance being the same. The law of the distance would of course depend upon the 
habits, pursuits, and wealth of the population ; and a fair value for each description 
of population could only be obtained from a number of general averages. It is to be 
regretted that Railway Companies do not publish, in their half-yearly returns of 
traffic, the numbers of passengers between the several stations on their lines. The 
only returns of the sort which have been published were by the South Eastern Com- 
pany, for the year 1845, in a Report to a Committee of the House of Commons on 
Railway Acts Enactments, in 1846 ; and although that line is almost the worst which 
could have been selected, both from being the main road between London and the 
Continent, and because the agricultural population through which it passes is not 
concentrated about the stations along the line,— and therefore the results cannot be 
relied on as correct co-efficients for the distances,— yet they wiir exhibit the effect 
which distance has in rapidly diminishing the per-centage of the population which 
travels. The average co-efficients for an annual traffic which have been obtained are 
as follows : 

Eor a distance of about 6 miles, gLj 
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In framing estimates based upon similar data, it is necessary to recollect, that 
wbilst towns wMch are situated on tbe line sbonltl have their population reckoned 
at the full value, those towns situated at a distance from the line, and agricultural 
districts, may be considered as towns of a proportionately smaller amount of popu- 
lation concentrated at the stations. 

The fact to be inferred from the above, viz. that the great mass of passengers con- 
sists of those who travel short distances, is further confirmed from the result of traffic 
returns in Great Britain for the last six months of 1848, shewn in the first column of 
the following Table ; and the result given is in accordance also with what might be 
presupposed, viz. that the poorer classes would avail themselves of railways for short 
distances, more than those classes who possess other means of locomotion. Brom the 
results stated in the second and third columns, it would appear that the inferior 
classes of passengers form the chief source of railway business. 



Average distance travelled Per-centage of each class! 

Per-centage of each class 


by each passenger. 

booked on the number. 

on miles travelled. 

1st Class . 

27-0 

19-3 

11*8 

2nd Class . 

16‘5 

38*5 

38*6 

3rd Class . 

14*0 

42*2 

49*6 

I Average . 

16*5 

1 Total 100*0 

1 

Total 100*0 


Where there are no competing facilities on either side of a railway, and no natural 
barriers to impede the traffic, it may be assumed that the probable amount of mer- 
chandise which would be conveyed upon a railway would be the whole surplus produce 
of the district through which the line would pass, together with the imports which 
would be required for the consumption of the population of the district, as well as 
part of the surplus produce, and of the imports for consumption of such other parts 
of the country as would find it advantageous to use the line as a medium of commu- 
nication. There are no official documents from which, for this country, the trans- 
mission of different descriptions of produce from one part of the country to another 
can be judged of ; and it would be beyond the limits of the present article to descx'ibe 
the modes which have been adopted to obtain it. 

It may, however, be curious to observe, that it has been estimated that the average 
distance travelled on railways for each unit booked is, for 

Merchandise, tons . . . 22f miles. 

Cattle, number . . . . 

Sheep, do, , . . . 32| ,, 

Pigs and Calves, do, . . . 55| „ 

and that whilst in a period of six years and a half the passenger traffic on railways 
only increased 28 per cent., the goods traffic was augmented 282 per cent. 

The principal points to be attended to in working a railway are to obtain a maxi- 
mum daily mileage from the engines, combined with a maximum effective load in 
the trains ; and since the terminal expenses for goods traffic are comparatively heavy, 
it should be remembered that the greater the distance the goods are conveyed, the 
smaller will be the proportionate expense. 


Americm Mailwap . — Having now stated the general principles upon which rail- 
ways are constructed and worked, more particularly in this country, it is proposed to 
add a few remarks on the cheaper arrangements which have been adopted in 
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America. In tliat country railways have been constructed at art expense of from 
£8000 to £9000 per mile. The country they pass through is generally level, 
requiring low embankments and shallow cuttings. The bridges are of timber from 
the adjacent forest (occasionally with stone abutments and piers), and frequently the 
stations, offices, and other buildings are also of timber. From the comparatively 
limited amount of traffic conveyed upon them, a single line, with sidings at intervals, 
frequently suffices at first; and should a double line be required, it can be added 
from the profits. The lightness of the traffic and the moderate speed, viz. 14 or 15 
miles per hour, have permitted a more economical roadway than that in nse in this 
country ; the cnrves are frequently of 7 chains radius,— curves of 15 chains radius 
are usual; and gradients of 1 in 75 are numerous. In some instances, under 
peculiar circumstances, and where timber was abundant, pile lines, as shewn in the 
accompanying sketch, have been constructed ; where high above the ground, diagonal 
braces have to be introduced so as to form trestles : instances are, however, stated to 
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tliere are doors at eitlier end. Eacli caniage accommodates from 60 to 80 passengers. 
To enable these carriages to moye round cui-ves, instead of resting directly on the 
axles, each end rests on a four-wheeled railway-truck, to which it is attached by a 
pivot. Kail ways are frequently carried to the centres of the towns, along the sides of 
the streets j the train for the latter part of the journey being drawn by horses. In 
the parts of the country exposed to snow, and where it is liable to fall to a great 
dopth, it is considered advisable, in order to obviate as much as possible the proba- 
bility of interruption from this cause, to keep the rail to the height of the average 
depth of the snow in the country. In order to clear lines from snow, snow-ploughs 
are used. In a double line the ploughshare lies over the inner rail, and throws the 
snow outwards, — first clearing one track and returning by the other ; whilst for a 
single line the ploughshare travels along the centre of the track. 

Ilailways have been constructed, in America, as in this country, hy joint-stock 
companies,— the State, however, reserving to itself considerable powers. But 
Companies are not exposed to the same preliminary difficulties that they are sub- 
jected to in this country and in France. The time for the completion of the works 
is limited under pain of forfeiture, and the traffic in shares before the Company is 
definitely formed is prohihited, 

Comimratke Cost of Jimlways , — The following is the cost per mile of railways in 
the subjoined countries, vix. 


Austria . . . . £12,000 

Prussia .... 11,100 

Eest of Germany . 11,200 

Whole of Germany . 11,300 


Belgium . . . , £16,200 

France .... 21,300 

Great Britain . . 27,000 

United States . . 8,200 


The following are works which give information on the subject of this article, and 
of which some use has been made in its compilation, viz. 


The Practical Eailway Engineer, by Drys- 
dale Dempsey, Esq. O.E. 

Baker’s Kailway Engineering. 

Haskoll’s Assistant Engineer’s Kailway 
Guide. 

Bidder’s Tables. 

Macneill’s Tables. 

Huntington’s Tables. 

Seguin, Chemins de Fer. 

Belpaire, sur les D6penses d’ Exploitation. 


Lardner’s Kailway Economy. 

De Pamhour on Locomotives. 

Weale’s Tredgold on the Steam Engine. 
Keport of Commissioners on Kail way 
Communication in Ireland. 

Gauge Commissioners’ Keport. 

Keports of the Commissioners of Railways. 
Keport of Railway Commissioners on 
llailway Communication between Lon- 
don and Birmingham. 


Note hy EditOT. In addition to the points already mentioned, the following matters 
may he here noticed as essential or at least very important. The establishment ot 
some easily available means of communication between the engine driver and guard, 
and between the latter and the passengers, so that anything wrong may at once be 
known and evil prevented. The arrangement of a secure pathway for the guard 
throughout the length of the train, either through the middle or along the outside of 
the carriages. There seems to he no doubt also that loss of life and property might have 
been on several occasions avoided during inclement weather, had the engine driver and 
fireman been protected hy any kind of shed or cover on the engine ; which, while 
slieltering them from the driving wind or rain, might yet not interfere with a good 
look out. This might he readily accomplished as in the United States, by having the- 
shed on a platform behind the fire, covered over the top, open towards the tender, and 
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glazed on tlie front and sides witli clear strong glass, so as to allow perfectly clear 
vision ; and even apart from tlie question of safety, tlie healtli and usefulness of tlie 
men are of sucli importance, that no question of expense ought to he allowed to 
interfere with making provision for their protection. Mirrors might also he placed at 
such an angle on each side, that the whole length of the train should he visible, and 
any signal made either by flag or lamp for day or night, might he at once seen and 
responded to. 


RECONNOITEING. 

MILITARY RECONNAISSANCE OF A TRACT OF COUNTRY 
OR OF A POSITION. 

The mode of obtaining the information required relative to any portion of ground, 
must of course vary according to circumstances; for instance, if it is occupied hy an 
enemy, great judgment, celerity, and daring will he required to procure any, whilst, 
if that is not the case, the examination of it may be carried on more deliberately and 
thoroughly, omitting nothing which is likely to he of use in enabling a General to make 
arrangements for moving troops through it, for quartering them at different points, 
and for carrying on offensive or defensive operations in eveiy part of it ; and as these 
may prove very disastrous if based on false information, the greatest care must be 
taken to write down the results of the observations soon after they are made, and so 
distinctly as to prevent the possibility of mistakes arising. 

It is usually effected, if in presence of an enemy, by a few mounted officers, each 
protected by a small party of cavalry, and accompanied by some of the inhabitants as 
guides ; the escorts may, however, often be dispensed with, so as not to attract so 
much observation, and grey cloaks should be worn for the same reason; but an 
uniform must be worn underneath, to prevent their being considered as sjnes, i£ 
tahen. They should start for this purpose after dusk, so as to conceal, if possible, 
their intentions : to avoid being stopped by the enemy they should not travel far along 
the main roads, hut must cross them as often as possible to examine their character ; 
they should never halt long, except at single houses apart from the villages, and never 
sleep on two successive nights at the same place : they must avoid giving a clue to 
their intended route or object by their inquiries, or by letting their guides see them 
taking angles and drawing plans ; and they must also he provided with two or three 
days’ rations, to prevent the necessity for going into any houses whatever when there 
is danger of being taken prisoners. 

A. of the country is usually required to be constructed ; or at least, if there 
is not time or means for constructing one, as explained in the article on ‘Field 
Sketching,’ a rough diagram must be made to show the positions of the principal 
points, and of the rivers, mountains, forests, roads, &c. 

A memoir* or re;port is indispensable, to give an account of the features of the 
countiy and of the positions held by the enemy, and should be accompanied by an 
alphabetical list of the yarious places in a tabular form, so as to show at a glance the 
resources and accommodation afforded at each. 

Memoirs must be prepared with great care and consideration, and afford the means 
of judging of the capacity of the writers, not only for observing, but for placing the 



* See article on " Reports,” in this volume, p, 250 . 
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results of their ohservations clearly before the reader, who ought to be able at once to 
find the general description of any particular part of the country, as well as all 
details if he requires them. The latter may sometimes be conYeniently placed in a 
tabular appendix, reference being made to them in the report itself, which may thus 
be condensed. A table of contents must be prefixed to the memoir, and such an 
arrangement of the subjects must be made as to enable any one of them to he found 
immediately. 

The style should he concise, but the information afforded must be as complete as 
the circumstances of the case require, care being taken to avoid digressions about 
irrelevant or unimportant matters, and to keep tbe principal points prominently in 
view. It may also be observed that reports have sometimes proved nearly useless 
from the badness of the writing, and that great care must be taken to spell the names 
of places, &c. correctly, to give all the names by which they are known, and to write 
them so that there can he no mistake with regard to those which are nearly alike. 
It is very desirable that cfficers employed in reconnoitring should have a good know- 
ledge of the language of the inhabitants of the country to be examined. 

The following Orders, given by Sir George Murray to the Officers of the Quarter- 
Master-General’s Department during the Peninsular War, will serve as a guide in the 
compilation of reports, and the table must shew in separate columns the number of 
men and horses for which there is permanent ' and temporary accommodation, the 
quantities of various kinds of cattle, carriages, food, fuel, and other resources 
available, and the number of mechanics, mills, forges, &c* 

“One of the first duties of the Ofiicers of the Quartei'-Master-General’s Depart- 
ment is to acquire a knowledge of the country which is the theatre of the operations 
of the army : this supposes not only an acquaintance with the natural and political 
divisions of the country, and with its principal features, but also detailed local 
information on the following points : — 

“1st. The peculiar nature of each district of country and its productions ; what 
parts of it are mountainous or hilly, and what are level ; whether the hills are steep 
or broken by rocks, or if they rise by gradual and easy slopes, or if the ground is 
undulated only in gentle swells; whether the connection of the high grounds is 
obvious and continued, or if tbe heights appear detached from each other; in what 
direction the ridges run, and which is their steepest side; what is the nature and 
extent of the valleys, and, in like manner, what is the nature of the ravines, — where 
they originate, in what directions they run, and whether they are of difficult access or 
to he easily passed. 

“Whether the country is barren or cultivated, and what is the kind of cultivation, 
— whether vines, olives, or corn (and, if the latter, what kind,) are grown, and in 
what parts they are most abundant ; also what is the nature of the soil. 

“ If it is a country of pasturage, whether it is pastured by cattle, by sheep, or by 
horses, and in what numbers. 

“What parts of the country are open and what are enclosed ; also the description 
of the enclosures, whether small or extensive, formed of stone walls, ditches, hedges, 
or fences of any other kind. 

“What parts of the country are wooded, and whether with full-grown timber or 
coppice-wood, also with what species of trees, 

“What is the nature of the country with reference to the operations of troops ; 
what parts are favourable to the action of Cavalry, and what for Infantry only.* 



* It must not be forgotten that the facilities for moving troops are often much affected by 
tlio seasons, by rains, and by frost, 
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2ad. The JRwerSt lesser Streamf and Canals.— The sources of rivers and tlie 
direction of tlieir course, — ^wlietlier they are rapid or otherwise ; their "breadth and 
depth, and what variations they are subject to at various seasons of the year; the 
nature of their channels and banks, — ^whether rocky, gravelly, sandy, or muddy, of 
easy or of difficult access: the bridges across them, — ^whether of stone or of wood ; 
their breadth and length, and whether accessible to Artillery, and capable of bearing 
its weight.-— The Fords, with similar remarks, and whether always passable, or at 
certain times and seasons only.* — ^Which rivers are navigable, from and to what 
points, and by what description of vessels or boats. — The Ferries, their breadth and 
the nature of the landing-place on each side ; what description of boats is used upon 
them ; how many men, horses, carriages, &c., each boat is capable of containing, — 
how much time the passage requires, and in what manner it is performed.— Canals, 
their course, breadth, and depth ; the nature of the traffic carried on upon them ; the 
number of boats usually to be found at different places, and their nature and dimen- 
sions ; also, whether they are tracked by men or horses, or how otherwise navigated. — 
Lakes and inlets of the sea, their situation, extent, and boundaries ; what description ’ 
of vessels can navigate them, &c., together with such of the above observations as are 
applicable to them. — Marshes, their situation and extent ; whether passable for troops 
in any part, and whether they continue wet throughout the year, or exist only during 
the wet season. 

‘‘ 3rd. Popidationt resourceSj accommodation fo7' troopsj (he . — The size of towns 
and villages, and the number of their inhabitants ; also whether they are well supplied 
with provisions or not; the number of houses, chui-ches, convents, or other public 
buildings ; whether the houses are large and commodious, or small and mean ; what 
number of troops could be accommodated in private houses, and what in public 
buildings : what stabling or other cover there is for horses ; whether the towns are 
walled or open, favourably situated for defence or otherwise, also if capable of being 
strengthened, and by what means. Similar observations in regard to detached 
convents, gentlemen’s seats, farms or other separate buildings, are required; and 
plans or sketches of walled towns, defensible villages, or detached buildings, should 
always accompany the reports upon them. 

“The number of carriages, horses, mules, or draught oxen, in possession of each 
town, village, or farm, should he stated, and what is the general means of conveyance 
made use of in the country ; whether places are unhealthy or not ; and if they are, 
whether there are any obvious local causes ; also, whether they are generally unhealthy, 
or only so at particular seasons. 

“ 4th. Eoads. — Particular information must be obtained respecting roads, in the 
description of which it is impossible to be too minute : the general nature of each 
road, and also all variations which occur in it from distance to distance, should he 
accurately described ; whether the road has been regularly made, or appears to have 
been formed only by tbe use of the people of the country ;• whether it is fit for 
Artillery, Dr practicable for any description of wheel-carriages, for Cavalry or for 
Infantry only ; over what description of soil it passes, whether rooky or gravelly, 
sandy, clayey, or earthy, and to what injuries it is liable in bad weather ; whether it 
is easily repairable or not ; what materials are requisite for that purpose, and whether 
they are to be found in the neighbourhood ; whether any bad parts of tbe road, or tbe 
naiTow and embarraissed- streets of any of the towns or villages, can be avoided by 
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going out of tlie road for a short distance, as also ■whether any great improYement 
could be made in the general direction of any part of the road by adopting a new line 
altogether for a considerable distance ; and what amount of worh is necessary in 
cither of these cases. 

‘ ‘ Particular attention should be paid to the ascents and descents upon the road ; 
whether they are gradual and easy, or abrupt, rugged or stony, having short turns or 
other difficulties ; whether the road is wide enough in those parts which rim along 
the sides of hills, and whether it is even or canted off the level, so as to he -unfavour- 
able for carriages, 

**In those parts where the road passes between walls, or where it forms a hollow 
way between banks of earth, rooks, or other obstacles, its breadth ought to be 
measured ; and it should be stated also whether it can he widened, or the obstacles 
which confine it removed, 

‘I The ferries, bridges, fords, &c; met wi^^ on the road should he particularly 
attended to ; the possibility of obstructing or breaking up the road, so as to prevent 
its being used by the enemy, or of destroying the bridges and fords upon it, should 
be stated ; the means of effecting these objects should he pointed out, as also the 
labour and time requisite for such works. ^ 

The distances of the places along the road should be given, both in the measures 
of the country and in English miles, averaged as accurately as possible : the time 
required to travel the different distances at the ordinary walk of a man or of a horse 
should be also stated. The places to the right and left near the road should bo 
mentioned, their distances from the road, and at what points the communications to 
them strike off from it. t 

‘‘ Care must be taken that the names of towns, villages, rivers, &o, are spelt in the 
same manner as by the natives of the country ; and when the spelling and pronunci- 
ation differ Very much, the names should he written (in a parenthesis) as they arc 
pronounced. 

‘*5th. Camps and Positions.’— AM strong passes, posts, or more extensive positions 
which present themselves either upon the line of a road or in any other situation, as 
also all places favourable for encamping or Mvouacking troops, either with a view to 
remaining there, or with reference merely to convenience on a march, should he par- 
tieiilarly described ; their situation, extent, facility of access, nature of soil, supply of 
water at all seasons, quantity and kind of wood, and whether in sufficient abundance 
for hutting the troops, or only for furnishing fuel. 

“A sketch of the ground, upon a pretty large scale, should always accompany the 
Reports ; those of positions should never be made upon a smaller scale than 4 inches 
to an English mile ; general sketches may be made upon a scale of 2 inches to a mile, 
and tracings of roads upon a; scale of 'T inch tO;'a mile. 

* <The Officers of the Department ought to avail themselves of every opportunity 
that offers to verify and extend their information upon the points above mentioned ; 
and the information obtained should he always put into such a shape that it may bo 
transmitted to the head of the Department, or be applicable to the use of the General 
Officer under whom they are immediately employed. 

‘‘In all Reports they will bo pleased to state distinctly what jiarts of the infonna- 
tion which they contain rest upon their own personal examination of the objects in 
cxucsiion, and lYhat upon the authority of others ; and in the latter case, they will 
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mention tlie source of their information, in order that a judgment may he formed of 
the degree of credit to which they are entitled. 

“ They will consider it their duty to apprise the Qnarter-Master-General of etery 
reconnaissance, report, sketch, &c., executed by them ; whether done hy order of the 
General Officer to whom they are attached, or upon any other occasion, as all their 
labours are understood to belong to the Department, and to he the property of the 
public. 

(Signed) Geo. Muerit, Q.M.G. 

‘‘Oartaxo, Dec. 2nd, 1810.” 

In additaon to. the points mentioned in the above instructions, the Report should 
contain information as to the means of supplying troops with provisions, viz, cattle, 
stores of corn, &;c,, also as to bakeries, and buildings adapted for barracks and for 
hospitals; and it should describe the facilities for concentrating troops on particular 
points by means of the roads shewn on the plan ; it should also state to what extent 
the banks of the rivers are liable to be flooded by falls of rain, melting of snow, or 
breaking of embankments, and how long it usually takes for these inundations to 
subside ; the alterations liable to be caused by floods in the direction or depths of the 
channels, and the periods during which the rivers are usually frozen over; what 
materials are available for making rafts, such as are afforded by timber-yards, the beams 
of houses, trees, &c, ; what number of boats can be collected at given points within a 
certain time, the nature and sizes of the boats, and the number of men wbo can be 
obtained to manage them ; the exact width of the bridges, the number and spans of 
the arches, the nature of their masonry or other materials, the flicilities for fording 
the river near them, so as to prevent a column in passing over on the line of march 
being lengthened out by the narrowness of the roadway ; the space available for 
deifloying on each side, or for constrncting works, as bridge-heads ; the probabilities 
of certain parts of the roads being rendered impassable by the march of troops over 
them, and the means at hand for repairing them with fascines, rails of fences, &c. ; 
also whether, in that case, carriages could be taken through by merely sending 
Infantry to assist.* 

Although, railways are likely to be rendered useless for a time by the enemy, com- 
plete information with regard to them must be .obtained, viz. whether they have single 
or double lines of rails, the positions of the viaducts, junctions, stations, &c., and the 
facilities for repairing parts broken up. 

The Officers making a reconnaissance must take care to Yexify personally as much 
as possible of the information which they may obtain ; but all persons who may be 
met with should be cautiously and separately interrogated, employing art rather than 
force,— inquiring about subjects of a different nature from that on which informa- 
tion is required, so as to lead to it easmlly^ and writing down what is important 
without being observed, so as to prevent being suspected by the enemy, who, by 
sending out a few parties, would probably surprise them ; to prevent which, the 
greatest precautions must be taken, particularly by keeping the horses ready saddled 
at night. Prisoners or deserters should be interrogated as to the numbers, strength, 
and position of their regiments and divisions, the names of the Generals, the positions 
of detachments and of head-quarters, alterations of positions expected, latest orders 
given out, numbers of wounded or recruits, quantity and localities of provisions, 


. * Sco “l^assage of Rivers." 



256 


EECONNOITEING. 



artillery, siege, and Mdge equipments; also wlietlier tlie enemy are repairing any 
roads, bridges, &c., or constructing intrencbments ; and inquiries must be made of 
tbo principal inbabitants as to tbe movements and positions of tbe enemy, as also tbe 
arrangement of their columns on the line of march. 

Spies must he employed with great caution, making use of them so as to be checks 
upon each other, and giving them nothing in writing hut what will serve to mislead 
the enemy ; also paying them liberally, and, if possible, retaining their families as 
pledges for their fidelity. 

• The subject of reconnoitring is entered into much more fully than can he done in a 
work of this nature, in ‘‘Chatelain’s Traits cles Eeconnaissances Militaires,*^ published 
in 18 47’'50, which may therefore be consulted with advantage. 


The form given on the next page for Eeports on particular roads has been found 
very useful, as it shows at a glance the information required, which must often, 
howevex’, he much more detailed than that here given : the approximate heights of the 
prominent points traversed by each should he marked upon the sketch : the difference 
of level required to obtain these may he roughly estimated by noting the points where 
the horizon, if it were that of a plain or of the sea, would cut the sides of the hills, which 
may be considered to be on nearly the same level as the spot where the observer 
stands, from whence, by remarking the apparent heights of men, houses, or trees near 
them, the difference of level between them and other points may he judged of, 

A reconnaissance by a body of troops, to discover an enemy’s force and position, 
must be planned in accordance with the nature of the country, and its strength must 
depend very much upon the chances of being surprised ; men should be detached to 
every commanding height near the road, to observe the movements of the enemy, 
and telegraph accordingly to the main column ; the Officer commanding must also 
arrange his plans to secure a retreat, by remarking the points favourable for delaying 
an assailant, or likely to cover an ambuscade. 

A sketch must he made showing all the features of the country traversed, the 
positions of the enemy, the natxire of tbe approaches leading to them, and of the 
obstacles protecting them, as xvell as the situation of field-works, artillery, and 
cavalry. Sometimes an attack made with much noise on one side of a position may 
draw off the enemy’s attention from that where the reconnaissance is being made, 
and individuals may often creep close up to it under cover of hedges, &c,, so as to 
insure a more satisfactory examination of the defences ; hut care must be taken not 
to compromise the retreat, and not to halt, except in open spots the approaches to 
which can he seen for some distance ; and it must he recollected that it is of great 
importance not to attract too much attention to the real object of the reconnaiss.xnce. 

From the dust raised and the space occupied by the enemy’s troops on the march, 
and from the number of their fires (calculating on about six men to each of the 
latter), their strength may be estimated ; it may be remarked also that if the glitter 
of their arms is brilliant, they are probably advancing, and if not, retreating. 

The extent of cover from the enemy’s fire afforded by hollow ground, &c. in front 
of his position must be carefully noted ; likewise whatever can be discovered relative 
to the country beyond the enemy’s position and on its flanks, as well as the move- 
ments taking place among the enemy’s troops and carriages. 


Eeconnalssance of a Fortress preparatory to an Attack. Having procured the best 
plan of it which can be obtained, and such information as the people living near it 
can furnish, an Officer must approach by daylight, with hut few attendants, yet 
supported by small guards concealed in their rear, to verify and correct the plan and 
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ascertain the hest^ direction in which to advance for the purpose of examining the 
details more closely, which he will do afterwards at night with a strong guard ; and 
by retiring gradually as day dawns, will he able to see most at that time wthoiit 
being discovered or interrupted. Balloons, anchored or free, may also perhaps he 
used in calm weather for this purpose sometimes. 

The points most necessary to remark are the hollows and fences affording cover ; 
the roads by wliich the guns and stores can be conveyed to the projected batteries 
without being exposed to the fire from the fortress ; the material, height, and slope 
of the glacis, and the features of the country around ; the depth of the ditches and of 
the water in them j the condition of the flanking defences ; also the nature and 
position of the bterdoaux, and state of the revetments, parapets, hedges, and other 
obstacles, &c., &c. 

By the sound of tools, the appearance of scaffolding, &c., or by Information 
received from the workmen, may be discovered at what parts repairs are going on or 
have been lately executed, as also what mine-galleries, retrenchments, &c. have been 
constructed j and the lightning-conductors will often point out the situation of the 
magazines. 

Three ladders braced together, or a more permanent stage, may he employed some- 
times advantageously for watching the operations of the besieged. 

After it is decided on which side to attack, further details of the plan of the works 
may be obtained by taking the prolongations of the parapets when the shadows 
mark them most distinctly, and thus a more accurate plan for the Attack may be con- 
structed, on which the projected approaches can be laid down. 


REPORTS, MILITARY.-— The Editors were re(iuested to insert an article 
on the subject of framing Military Reports, to assist the memory of an Officer upon any 
emergency in the field ; and in accordance with this wish the following suggestions 
were offered by the late General Lewis 

1, It has been found convenient, and was directed by an order of the Master- 
General and Board of Ordnance, that all Reports should be written half-margin on 
foolscap papei', and each paragraph numbered : this arrangement enables the superior 
Officer to whom the Report is addressed to make marginal notes, and the numbering 
of the paragraphs affords an easy reference to the several parts of the subject. 

2, All Keports should be accompanied by drawings, either as sketches of the 
ground, or views of the principal features ; and the more they are illustrated by 
vignettes and diagrams, which may be given on the margin or in the paragraphs of 
the Reports, the more interest will he given to them, as facilitating a quick compre- 
hension of the subject. 

3, Maiy parts of a Report may be given in a tabular form, which should he done 
when possible. 

4, An early attention to the object of the Report, and the instructions or orders 
received for making it, will save much trouble : it is also necessary to arrange the 
subjects in the order of their relative importance, so time may not be lost in seeking 
for information of little value, 

5, An important consideration is the condensation of facts in the smallest possible 
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tlie Report slionld "be considered useful, it may be placed also in tbe Appendix, ’with 
aii allusion to it in tbe body of tbe Report. 

6. Tbe purport or substance of each paragraph of the Report should be briefly 
inserted in the blank half-margin side of the paper ; this enables the reader to recur 
to any part without trouble. 

7. Military Reporters should be careful in recording hearsay statements, and 
offering opinions on surmise ; and if vague, the authorities should be quoted, and the 
value of the evidence stated : facts are what is required, based upon ocular demon- 
stration, 

8. In framing a Report, much valuable information will be found in this work, 
under the heads of ‘Field Sketching,’ ‘G-eology,’ and ‘Reconnoitring.’ In this last 
the several subjects necessary to notice are given, and the most important points of 
each are inserted in detail. The articles on the ‘ Passage of Rivers,’ the ‘ Construction 
of Roads,’ and ‘River Navigation,’ also ‘Statistics,’ will afford valuable information 
to the Reporter, according to the tenor of Ms instructions. 

9. The application of ground to military operations, whether offensive or defensive, 
for strategical or tactical purposes, may be considered the most difficult of tasks to 
a Military Reporter, and few opinions should be given, except those formed from 
incontrovertible facts ; and assertions that a river is impassable, a country inaccessible, 
a place impregnable, and roads impassable, should only be offered on most accurate 
information ; and if not from personal inspection, the authority must be given. To 
suggest that particular sites afford good positions for offensive or defensive tactical 
operations, or that they are well suited for intrenched camps, posts, or positions for 
strategical operations, should be given hypothetically, if not based upon a thorough 
acquaintance with the country, and some knowledge of the Art of War. 

10. Finally, in arranging the Report, the classification of matter under different 
heads should he attended to, and subjects separated, keeping the descriptive, statistic, 
political, and military parts distinct, as well as other points unconnected with each 
other. — Gr. Gf. R. 


EIVER AND INLAND NAVIGATION.^ 

SECTION I. — EIVERS. 

1. Rivers, as far as they are applicable to the purposes of internal navigation, may 
be regarded as natural canals, whose section, inclination, and speed, or rate of flow, 
vary within limits of considerable range ; and the volume of water they carry, and the 
nature of its movement, are proportionately affected by such variations. Running 
waters are also utilized as motive powers, not only for the mills placed immediately 
upon them, but also for the descending navigation, 

2. Those who may desire to study in detail the laws which connect the general 
phenomena of the elevations of the mountain ridges, and the direction of rivers, are 
referred to the works of Messrs. lamblardie, Brisson, De Torcy, and Denaix. Sir 
0, Ryell’s incomparable work, the ‘Principles of Geology,’ and the more modern 
treatises upon Physical Geo^aphy, contain much interesting information bearing upon 
this branch of practical science. 




By George R, Burnell, C, E. 
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3. For present purposes it will be sufficient to consider rivers as presenting, from 
tbeir source to the places where they fall into other rivers or the sea, the follow- 
ing characters : In plan, they present a water section or line, which widens with 
more or less regularity. Tn longitudinal section, they present concave curves both at 
the bed-line and at the surffiee (with occasional exceptions) ; these curves are not 
always either concentric or parallel one with the other. The total length measured 
upon the axis of the longitudinal profile in all cases exceeds the length measured in a 
straight line between the two extremities. 

4. Wlien rivers fall into a sea subject to tidal influences, or into another river 
whose level is variable, their plans and profiles vary unceasingly. When tides act 
upon them, their variations are periodical, and follow the laws which regulate the 
tides ; that is to say, the spring and neap tides, the ordinary, or the eq.um,octial ones, 
affect the river- waters in the same manner that they do those of the sea. 

5. The speed of a river, or its rate of flow, would continually accelerate, indepen- 
dently of the variation in the volume, if the muddiness of the waters, and their fric- 
tion upon the bottom and sides of tbeir bed, did not exercise a retarding influence. 
These resistances augment in proportions even more considerable than the rapidity of 
the current, and thus counterbalance the influence of the fall, and establish some- 
thing like a uniformity of flow. It is also to be observed, with regard to the course 
of all rivers carrying them through plains, that in the latter portion of their passage 
to the sea the velocity becomes to a great extent ecpialised by the diminution of the 
rate of fiill. 

6. Moreover, the flow is not the same in the whole of the transverse section of a 
river. In the cases where tides do not act, it is the greatest in the portion called by 
continental Engineers the thalwegj which, in fact, is defined by this identical pheno- 
menon. Beyond the thalweg there are zones in which the water is either stagnant, 
or even at times when it has a movement in an opposite direction to the usual current, 
especially in the cases where the section of the river widens out unexpectedly. These 
cuiTents are sometimes called * backwater,’ or counter-currents. A very plausible 
explanation of them has been given by Yenturi, in a very remarkable treatise upon 
* the lateral Communication of Movement to Water.’ 

7. In the thalweg itself, also, the flow is not the same at the bottom as it is at the 
surface of the water. In rather shallow rivers, the maximum of speed appears to be 
at the surface. It is usually considered that the average speed of the filiaments of 
water flowing uniformly in the same direction is fths of that of their surface. This 
proportion was ascertained by the :esearches of Bubuat and Be Prony. Navier, more- 
over, observed that when water moved in straight lines parallel to the axis of the bed 
(supposed in this case also to be straight), the mean speed and the maximum speed of 
the surface of the thalweg approached each other in proportion as the bed became less, 
and without any reference to the transverse section. If the vertical depth of the water 
were very small, and the width very great, he found that the mean speed was 0*64 of 
the maximum, or surface velocity. If both were very great, the mean speed 
'.assumed the 'Proportion' of 0*41.' ' 

8. It rarely happens that we meet with rivers whose beds fulfil the requisite con- 
ditions of being thus in a perfectly straight line. For all practical purposes, then, we 
may adopt, for all speeds of water between 8 feet to 5 feet 8 inches per second, 
measured upon the surface, the following formula as representing the average speed : 
t;=|Y=:0'8 Y; in which t?= the mean of average speed, Y=sthe speed upon the 
surface. The above formula gives results which are superior to those we meet with in 
reality, when our examinations are made upon large streams ; for the Seine has an, 
average speed in which r = 0*62 Y ; the Neva, 0*75 Y. 
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9. Bubuat’s experiments sliewed that tlie speed of the water at the bottom, or 
immediately upon the bed, maybe expressed thus, mahing U=the speed sought,— 

' U=2'1>‘-Y5 


or, supposing V— 1 ‘25 U= 0 '75 r, or 1 *33 TJ. 

The consideration of these questions is of the utmost importance to the Engineer 
about to carry into effect works either for the improvement of the navigation, the 
defence of the banks, or the construction of bridges. In order to guard against the 
corroding effects of the current, it is necessary to construct the foundations of the 
works in such a manner, and of such materials, as are not likely to be removed by it. 
It becomes, in fact, necessary that the bottom of the waterway should be of a nature 
to resist the power of the stream to carry off the materials of which it is composed. 

10. Experiments have shewn that the different substances named helow are carried 
forward by waters flowing at the respective speeds mentioned in connection with them : 


Eiver mud, liquid earth, &c. . 


ft. 

0 

in. 

3 

Brown pottery clay , 


0 

3| 

Common clay , , 


0 

6 

Yellow sand, loamy . . . 


0 

H 

Common river sand . . . . 


1 

0 

Cravel, size of small seeds . 


0 

4i 

„ of peas . . . . 


0 

n 

,, of beans . 


1 

Oi 

Coarse ballast . . . . - 


2 

0 

Sea shingle, about 1 inch diameter 


2 

2 

Large shingle , . . . . 


3 

0 

Angular flints, size of a hen’s egg 


3 

3 

Broken stones . . , . 


4 

0 


,, agglomerated, or soft schistose rocks 

Eocks, with distinct layers, ‘flakey* rocks 
Hard rocks . , . . , 


4 

6 

10 


It naay he observed that very moderate speed enables the water to carry off the 
lighter soils, snch as are usually found in the beds of rivers ; and hence, to a great 
extent, the frequent changes they are subject to. The destructive action of the 
current is augmented by the heating of waves, the abrasion by floating ice,, the 
alternations of wetness and dryness, and especially by frosts. Aquatic plants protect 
the beds in a very sensible manner, however, when the depth of water does not 
exceed much more than 6 feet. 

.11. Any unusual obstacle opposed to a current, whether naturally or artificially, 
acts by heaping up the waters on the up-stream side, and by accelerating their speed 
on the down-stream side. If the bottom be of a nature to yield to this increased 
speed, an excavation is necessarily formed. When one of the hanks of a river yields 
to the action of the current, the elbow thus formed has a tendency to increase rapidly. 
The depth of the water augments, and the currents deposit the matters they hold in 
suspension upon the opposite side, which becomes gradually convex whilst thus 
silting up. The curves or beds formed in this manner advance gradually from the up- 
stream direction to the down-stream. 

M. Defontaine observed that upon the Ehine, a river with a bottom of sand and 
gravel, exposed to sudden floods of remarkable violence, the natural bed of the river 
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was not affected Ly tlie formation of new elbows, when the radius of its ciirTature 
was above 8300 feet; at least not to any serious extent. His experience led him to 
adopt one-half of that radius for the works in masonry he constructed to defend any 
advanced parts of the banks, in order to protect them against the coiToding action of 
the current at their feet. 


; Action of IiTcgu- 
'■ lavitics in the 
; Defl. 

f Action of Spurs. 


Action of floods. 


I 
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B-inks at Mouths 
•4' Rivers. 
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' liaising of Bed. 


12. Any sudden depression, any abrupt projection, either upon the banks or even 
in the bottom, pi'oduces a species of whirlpool and backwater, attributed by Tenturi 
to the lateral movement of the waters. If the bottom should he susceptible of being 
carried away, excavations would be formed in some places, the materials of which 
would be deposited at distances, varying of course according to circumstances. We 
find also that the meeting of two rivers, of the same volume and speed, at an angle 
nearly of 90®, not only produces an oblique §nal movement compared with the 
direction of the primitive current, hut also a series of these whirlpools, 

A spur projecting into a river also determines a fesickwater both upon the up- 
stream and the down-stream side. If the bottom be soft, the point is liable to be 
undermined and carried away ; a silting up takes place in the down-stream angle 
of the spur, which also sometimes takes place on the up-stream side, ffhis, how- 
ever, more properly belongs to that portion of the subject which treats of the defence 
of the hanks of rivers. 

13. Another very Important cause of peturbalions in the ordinary course or 
flow of rivers, is found in floods, which, from their velocity and the immense volume 
of water they bring down, often affect the bed and the sides of rivers in a dangerous 
manner. Sir C. Lyell mentions one flood in which the waters attained a velocity of 
no less than 36 feet per second. Such catastrophes are rare, it is true; nor can 
all the science of the Engineer guard against their effects. But such rivers as the 
Ehine are known to have risen 66 feet in a single day, and Engineers may often 
be called upon to resist the action of such floods. These are generally charged with the 
maximum of foreign matters they are able to hold in suspension. When their inten- 
sity diminishes, or the speed of the curi'ent is slackened by any accidental circum- 
stance, the waters deposit gradually, and in the order of their specific gravities, the 
substances they contain. A different relation is thus established between the section 
of the river, the volume of the water, the speed, the fall, and the form of the outline 
of the bed. Towards the down-stream portions of the river, the section will be found 
to have become less able to carry off another flood ; and if the sides resist less than 
the bottom, the river will spread out, often into several branches, which, in the dry 
seasons, will not present a sufficient" deiffh of water. 

14. In the lower portions of a river, where it falls into the sea, there are other 
causes for the silting up of the channel in addition to those already mentioned. Thus 
the sea-waters carry up with the tides shingle, sand, or mud, according to the pre- 
vailing winds, or the agitation of the sea acting upon the rocks forming the coast. 
These matters, as well as the alluvium of the fresh water of the upper countries, are 
deposited when the speed of the currents is arrested by slack tides ; and it is thus 
that in such rivers as the Thames, the Seine, the Loire, the Eh6ne, the Ehine, or the 
Po, the channel of the embouchure continnally shifts about amongst the numerous 
banks. It is now held that in many positions the alluvial matters brought in from 
the sea exceed in volume those brought down from the uplands ; so that there is a 
natural tendency in all embouchures so circumstanced to silt up. The Seine, Rhine, 
Thames, Orwell, Humber, &e., are supposed to be thus circumstanced. 

15. The natural tendency of rivers to raise their beds by the gradual deposition of 
the matters they contain in suspension also of necessity raises the mean level of 
their usual flow, and requires that their embankments should also be raised in the 
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same proportion. The banks of the Po in this manner have been gradually raised 
until they are from 40 to 45 feet above the surrounding country. Notwithstanding 
all the precautions taken to preserve them, they must inevitably yield, sooner or 
later, to the action of the stream ; which will create for itself a new course to the 
Mediterranean, to be in its turn silted up and abandoned, like its predecessors. Such 
deviations in the bed of the Po are far from rare, even in historical periods ; and 
similar causes appear to produce analogous results at the embouchures of such rivers 

the Ganges or the Mississippi. 

16. In addition to the multitude of these causes which tend to modify the beds of 
water-courses, we may observe that, especially in rivers which flow over gravel or 
sand, instead of following an uniform law in the diminution of the fall and the speed 
from their source to the sea, there are alternately zones of still water, in which the 
speed is hardly perceptible, and in which there is a great comparative dejith of water ; 
or 2ndly, there are rapids or shallows, generally placed near the bends of the rivers, 
where the inclination of the bed, and the speed of the current, are considerable, and 
where there is but a small quantity of water. These shallows form, in fact, natural 
barrages, which raise the plane of the waters in the direction of the up-stream. In 
some eases they are occasioned by projecting portions of rock, which have given rise to 
the formation of banks in the channels. 

17. M. de Prony’s formula for ascertaining the volume of water in a river, 
« = a/0 *005 163 + 6233 *428 El — 0 ’071 8 5, or more simply v — 56*86 VK— 0*072, 
may serve in gauging any stream, provided we can find a portion of its length, at 
least 400 yards in extent, in which the section is constant and the inclination uniform. 
A transverse profile gives the section of the water, and the outline of the water 
edge of the bottom and sides, the ^ perimetre.’ Prom these elements we can easily 
ascertain the mean radius of the perimetre E. The fall upon the line of the axis is 
expressed by I. Substituting the values of E, I, and % obtained from actual obser- 
vation, we arrive at the volume discharged. In all these formulae, unless especially 
mentioned to the contrary, v represents the mean velocity of the current. 

Another method of gauging a river is to determine simply the maximum speed at 
the surface. This is ascertained by a series of observations to be frequently repeated 
upon floats thrown into the stream, and allowed to travel as far as possible in the part 
of the river where the current is most regular. The mean speed of the surface thus 
obtained multiplied by 0*8 gives the average speed of the whole volume. The 
average section is then taken from as many profiles as possible, and the mean speed 
of the whole volume multiplied by the surface thus found gives the average discharge. 
This means of ascertaining the discharge is only approximative ; it is therefore 
advisable to establish the results upon as great a number of carefully-noted obser- 
vations as possible* 

IS. Eivers may be divided into two classes, viz. navigable or floatable, according to 
their adaptation to the wants of commerce. 

A river is said to be ' floatable ’ when rafts of fire-wood or of lumber can habitually 
meet with a sufficient depth of water, and a sufficient width of section, to descend 
either by the natural course of the river, or by retaining the waters in artificial basins, 
from which they are allowed to escape at regular intervals. In England we rarely 
have occasion to use rivers in this manner ; our timber-forests are so few, and so 
peculiarly situated, as not to require the imperfect navigation in question ; but in our 
Colonies it wCuld doubtlessly be often advisable to direct attention to rendering the 
mountain streams useful by regulating their flow. An excellent example of the 
manner in which a shallow irregular river has been made to render service to the kind 
of navigation under consideration, is to be found in the Tonne, above Auxerrc. 
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19. A series of dams is thrown across the river, which keeps up the waters in a 
manner forming a set of locks of still water, in which the trains of wood are formed, 
and floated to the sluices placed in the dams. The sluices are opened in proportion 
to the supply of water. 

Fig.l. 



The sluices are mostly formed of small blades of wood, about 9 feet long by 2 inches 
wide and 24- inches deep. They fit against a groove in the bottom sill of the water- 
way, and against a locking har which turns on a pivot. When it is desired to use 
them, the lock-men draw the bars one after another, and turn the locking bar aside, 
wteh operation is effected in less than eight minutes, provided the opening does not 
exceed 26 or 27 feet. The width of these sluices is made from 1 foot 4 ins. to 2 feet 
more than that of the trains or barges to be passed ; and the walls should splay out 
immediately above and below the passage, with an estacade to defend the entry. 
These sluices have falls varying from 2 to 4 feet, but the latter is dangerous ; their 
floors in the passages should be from 28 to 34 feet long. It is essential to observe 
that both the floor, and the walls in prolongation, require to he defended by piles and 
sheeting piles ; for the opening of the sluice invariably causes a cataract. 


Fig. 2. 
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20. The best position for the sluice is in the centre of the dam, as far as the 
I>reservation of the works is concerned ; but for the purposes of navigation it is 
desirable to bring it as close as possible to the towing-path. The waterway should 
be contracted also for a distance of from 350 to 600 feet beyond the end of the floor. 
If it be necessary to combine a lock with the sluice, a circumstance very likely to 
arise when the river, after receiving several afiiuents, begins to acquire a considerable 
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TolTiiae, the lock must be placed in still water on the opposite bank to the sluice. 
This last must be at the head of the chamber upon the upside of the lock, which it is 
desirable to place at a distance of about 80 feet from the end of the dam. Care must 
be taken to protect the side and tail walls of the lock from the cataract produced by 
the sluice.* 

It is to be observed that dams across a river aifect its level to distances considerably 
beyond the point where the line of their crown meets the line of the natural flow of 
the water. They appeal’, by retarding the velocity of the current, to heap up the 
waters anormally in a proportion which augments with the rapidity of the flow, 

21. A river is said to be navigable either by means of sails, by the use of oars, 
or by towing. Navigation may take place either upwards or downwards,* but in 
either case the river should offer sufficient width and depth of water for the move- 
ment of boats. There is, however, a limit of velocity in the current beyond which 
there is danger for the descending navigation, and excessive expenditure of power for 
the ascending. 

Navigation by sails can rarely be practised in rivers, owing to their want of width 
and depth, their windings, and to the fact of their being usually enclosed in deep 
valleys. Towards the mouths of the rivers these unfavourable conditions disappear, 
and w’e And that in such rivers as the Thames below the bridges,' — the Seine between 
Bouen and Havre, — the Loire between Nantes and the sea,— the Garonne between 
Bordeaux and the sea, — navigation by means of sails takes place under tolerably 
favourable conditions. 

The force of the wind, even when favourable, is rarely employed in ascending 
rivers, unless the speed be below that produced by a fall of at most 3 in 10,000, with 
a feeble width and a comparatively great depth of water. 

22. The utmost limit of the fail of the bed of a river at which it was formerly con- 
sidered safe to descend, or economically possible to ascend, was when it attained from 

to 6 in 10,000. The progress of mechanical invention has, howevei’, modified the 
practice of commerce in these matters j and at the present day the Eh6ne, which has 
a fall of from 7 to 8 in 10,000, is navigated with advantage. The River Lys in 
Belgium, upon a certain portion of its length, has a fall of about 5 in 10,000, in the 
district where the navigation is very active. It is supposed that in this case the 
a(iuatic plants, which it is forbidden to cut, act so as to retard the force of the current. 

The boats used in commerce for River Navigation are of variable widths, from 
6 feet 6 inches wide to 28 feet upon large rivers ; with a draught of water varying 
from 2 feet to 6 feet 6 inches when loaded. Their length is of course regulated by 
the sinuosities of the channels and the width of the waterways, and it is often carried 
as far as twelve times the breadth. On some of the continental rivers it is very 
common to see barges 233 feet long by 23 feet wide, drawing 6 feet 6 inches of water, 
and able to carry 500 tons. Such enormous vessels are not in use in our own country, 
for the flow of the tides upon our coast usually runs so far inland as to obviate the 
necessity for transhipment immediately upon the sea-board, under which circumstances 
the large barges in question are the most economical. It were desirable, however, 
that the barges to be employed on our East Indian rivers were constructed somewhat 
upon the models of those used upon the Bower Seine, or upon the Loire, 

23. We see thus that a river may be navigable by different means, according to 
the way in which we consider it ; that is to say, whether in the ascending or descend- 
ing direction, the draught or the tonnage of the boats employed, or the total length 

* The minimum width of a floatable river is 13 feet ; its minimum depth at the moment of 
flashing should be 1 foot 8 inches. 
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of time in the year during wliicli it is navigaWe, la the latter case, it often l3eeomes 
necessary to make a deduction for tke low, or for tke flood, waters. Tlie first do not 
leave a sufficient depth of water for the boats to he able to travel ; the latter often 
give rise to such velocities of the currents as to render it dangerous to navigate 
the.rivers, 

24. The movement of boats upon rivers is effected in the direction of the ascent, 
either by the oar, by towing, by animal force or by steam power applied in various 
ways. 

A horse is supposed to be able to exert upon a good Macadamized road a force of 
traction equal to twenty times the muscular effort employed. This is assumed to be 
equal to one hundred weight, so that his load on a road of this kind, while moving at 
the rate of about a yard per second, is one ton. 

On a paved road the load becomes one ton and a quarter. 

On a railway it is about ten tons. 

Whilst in srill water it is sixty tons. 

On the Meuse, tlie power of a horse drawing against the stream, flowing at the 
rate of about 3 feet per second, with a depth of water of 3 feet 4 inches, and a dis- 
charge of 1225 feet cube per second, was found to be equal to 25 tons when moving at 
the rate of two miles an hour. 

Experiments made on the canals of the North of France, in still water, shew that 
the resistance is about 0*0000 of the load, when the rate of movement is 3 feet 
4 inches per second. On the canal of Givors, where men haul at the rate of 1 foot 
per second, the resistance is only 0*00014 of the load.* 

25. Formerly it was considered that the resistance increased in the ratio of tlie 
square of the velocity ; hut Mr, Scott Eussell’s experiments upon the Caledonian Canal 
appear to shew that this law does not hold good when the velocities exceed from 10 
to 13 feet per second. The explanation of this apparent anomaly is usually found in 
the facts, — that in great speeds the surface exposed to the resistance of the water was 
diminished, — that a void was formed at the after-part of the moving body, and tbat 
the velocity of the water rushing back to fill this void was less than the speed attained 
by tlie hauling. Hr. Russell also noticed that the w%ater was heaped up in the form 
of waves in front of the boat, and that these waves carried it, in fact, over passes 
where there would not have been, otherwise, a sufficient depth of water. 

The laws thus discovered, without, however, our having obtained any satisfactory 
explanation of them, were endeavoured to be applied both in England and France. 
The success of their commercial application has been hitherto very equivocal, for the 
backwater and the beating of the waves upon the banks necessitated the paving of 


* The effort necessary to draw a boat foi* an indefinite length through still water is repre- 
sented by the formula 

A V® 

, in which, 

,■ ^9 , , . ■ ■ 

F is the force of traction represented in tons. 

A is the greatest width of the sunk surface. 

V is the speed of the boat per second. 

K is a coefficient, varying with the form of the boat, 

£7 is the accelerating force of gravity. 

The coefficient K may range from ITO to 012, according to the sharpneBS of the hows of the 
boat, or the presence or absence of a iioop. In a canal, inasmuch as the section of the boat is 
greater in proportion to that of the water surface, the relative velocity of the current on each 
side of the boat is increased, and consequently the motive power requires to bo augmented in 
the same proportion. 
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the latter by dry pitching, at least wherever the level of the waters was displaced by 
the movement of the boats. It also became necessary to macadamize the towing- 
path, to allow the horses to travel at the requisite speeds. This question will, how- 
ever, be treated more in detail -under the head of Canal Navigation. 

26. In River Navigation, the towing-path should be placed on the side where the 
water is the deepest, and immediately upon the banks of the river ; in order that, 
firstly, there may be as few impediments to the passage of the cords as possible; and 
secondly, that the direction of the haulage be not too oblique. 

It is also desirable to place the towing-path under the prevailing wind, in order to 
diminish as much as possible any action it might have in retarding the progress of 
the boat. The best width for a towiog-path appears to be about 13 feet. 

Independently of the towing-path, it is necessary to have mooring-posts on the 
opposite side of the river ; and occasionally it is necessary to haul on both sides of the 
river, to maintain a boat in the navigable channel. It becomes then indispensable to 
have a kind of secondary towing-path on the opposite side, which, however, need only 
be 6 feet 6 inches wide on the crown. Both these paths must be maintained at suffi- 
cient heights to keep them above tbe water so long as the navigation can be carried 
on with safety. When that would he accompanied with danger, it is rather desirable 
that tbe paths should be overfio wed, so as to force the boatmen (always reckless) to 
suspend their operations. 

27. In the construction of Bridges, it is desirable that the towing-path should pass 
under the land arches in such a way as not to render it necessary to detach the tow- 
rope. But in order to effect this, it is indispensable that tbe navigable channel 
should be near to the towing-path. Should this not be the case, it becomes necessary 
to let in rings, or to drive in mooring-posts, or to place buoys at the opening of the 
arches, to fasten the boats to whilst the tow-rope is being passed through the bridge. 

Any secondary streams intercepting the line of the towing-path must be bridged 
over in such a way as to offer no obstacle to the tow-line. 


WoTMforthePre$eTvaUo'i%<^fi%eBmik^ancloft'heBedofMvm, 

28. These are of two descriptions : sometimes they are intended to preserve the 
neighbouring lands from tbe corrosions of the stream ; sometimes for the purpose of 
maintaining the latter in its proper direction, and at a regular distance from the 
towing-paths. The dredging works required for the purpose of clearing the alluvial 
deposits may be included in this category. 

In rivers which run with great velocity, such as the BMne, the Rhdne, and the 
Dordogne, these works are of the very highest national importance. In some cases 
the rivers run between the territories of nations often at war with each other, as in the 
case of the Rhine ; at others they traverse consecutively several states, as the Danube 
or the Po. The lower Rhine, whose floods formerly spread themselves over nearly 
the whole width of the valley in which it flows, has been gradually confined within 
its present bed by a series of embankments about 10 feet wide on the crown, which 
are disposed pccasionally in several nearly parallel lines; so that if one embankment 
gave way, its ruin would only affect tbe portion of land it immediately protected. 
The banks of the lioire, between Orleans and Angers, answer the same purpose; 
although, from the fact of their being only single, some serious devastations have 
resulted from their rupture. 

The overflowing of the fresbets of such rivers as the Rhine, the Rhone, and the 
Loire in France, and of the Arno and Po in Italy, of the Nile in Egypt, have produced 
the following result : viz. that the zones in the immediate proximity to tbe river are 
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generally more elevated than those 'which are farther removed and nimn the extreme 
edge of the valley. This is to he accounted for by the fact that the great floods deposit 
near to their hanks the heaviest and most voluminons matters they hold in susi)ension, 
and that they are far less loaded when they spread out over the plain. From this 
cause marshes are eventually formed ; because the rain and spring water, being unable 
to flow into the river channels, remain upon the surface of the land. 

29. One of the cheapest, and at the same time it is one of the most effectual 
methods of protecting the bed of a river, is by means of planting a(3.iiatic trees, 
such as the willow, &c., on both its banks. The roots of these trees spread very 
rapidly, and in themselves form the first defence of the bed of tbe river, as also of 
the banks. At the same time, inasmuch as they retain the mud which may be in sus- 
pension, they serve also gradually to raise those parts where they are planted. It is, 
however, necessary to execute such plantations on both sides at once j otherwise the 
defence of one side will but serve to increase the force with which the waters attack 
the other. 

A very remarkable work of this description, which, it may be added, bas been 
attended with signal success, was that executed for the purpose of rectifying and 
regulating the bed of the Midouze, between the Port de Marsan and its embouchure 
in the Adour, for a distance between 25 and 26 miles. The width of the pass created 
varied between 71 feet and 91 feet ; the variations in the width being equally, or 
nearly equally, divided into four parts ; and the limits of the new bed of the river 
■were comprised between two concentric curves. 

The original bed of the river was very wide and irregular, being formed in the 
midst of movable sand-ljanks, through which the waters’ found a channel shifting 
almost at the caprice of every wind. The waters of the Midouze, even in their 
normal state, carried down great quantities of mud and sand. The system adopted 
was, to form spurs in a kind of wattling, which were connected at one end with the 
bank, and at the other projected into the stream as far as the line of the intended 
new channel. These spurs were inclined at an angle of of that formed by the line 
of the current with the axis of the new bed. 

The spurs were placed at distances of 133 feet apart, and exactly opposite to each 
other when they were to be fixed to the banks on both sides. They terminated 
towards the stream by returns in the shape of the letter T, each of whose branches 
was about 17 feet long. 

The spurs were formed of pickets, placed 1 foot 8 inches from centre to centre. 
These pickets were of willow, of from inches to 5 inches diameter ; they were 
driven at least 4 feet 6 inches into the ground, leaving 1 foot clear above the level 
of the ordinary low water. Between these pickets, a wattling of 3 feet 4 inches 
mean height was executed with branches of willow between 7 feet and 10 feet in 
length, and about 1 inch in diameter. They were kept in their places In the upper 
part, so as to prevent their rising during floods, by means of oak plugs driven through 
the heads of the pickets, bong poles, about 10 feet in height, were placed on the 
opposite side to the towing-path, to indicate the waterway. 

Independently of those main spurs attached to the banks, two minor spurs, about 
42 feet 4 inches from centre to oenti'e, with returns measuring 33 feet over both 
branches, were inserted between the main spurs. The object of their insertion was to 
facilitate the deposition of the mud and sand, and thus prevent the backwater from 
overthrowing the main spurs. 

The minor spurs were composed of young trees of from 4 to C inches diameter ; the 
length of the trees and their branches w^as not less than 10 feet ; the diameter of the 
branches 5 feet. They were sunk in such a manner as to present their ti’unks 
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constantly towards tlie pass, so as to direct tbe currents towards the new channel. 
Their direction was the same as that of tbe main spurs, that is to say, at an angle of 

of the one formed hy the axis of the riyer, or new bed, with the current. The 
trees were fixed at distances of 10 feet apart. Strong pickets were driven in through 
the branches, so as to form an additional tie, to which the trunk of the .next tree was 
attached. Of course the pickets followed the inclination of the first range of trees, 
and strong oak pegs were applied to prevent the branches from rising too far on the 
occasion of floods, 

30. A pass, or waterway, was dredged between tbe main spurs above described, to 
a depth of at least 1 foot below the lowest summer waters, and all the sand or mud 
thus extracted was thrown between the different spurs in such a manner as to add to 
their stability. 

As soon as an artificial bank was thus formed by means of the excavations of the 
pass, and the gradual deposition of the matters in suspension in the waters of the 
river, means were adopted to defend it hy plantations consistmg of slips of willow, 
osier, poplar, or other aquatic trees, placed at distances of 6 feet 6 inches apart, and 
inclined so as to break any current which might be formed beyond tbe regular pass. 
Heath and grasses were planted between these in such quantities that I fe. of seed 
was nsed per acre. The slips of all the trees, except the osiers, stood about 6 feet 
from the ground ; these last only stood up about 8 inches. 

This method of forming the bed of the Midouze succeeded remarkably well, and 
was earned into effect at comparatively trifling expense. In many of our Colonies a 
similar system might probably be advantageously adopted. A detailed account of this 
work will he found in the ‘ Annales des Fonts et Chaussc%s ’ for the year 1831. 

31. The effects of the action of running water upon different beds are, however, so 
various, that what is highly successful in one case becomes utterly ineffectual in 
another. For instance, in the Loire, tiiansverse spurs, even when executed in solid 
masonry, fixed to one hank and advancing far into the stream, produce very uncertain 
effects upon the width of the waterway. The excavations they form on one side are, 
in fact, very often accompanied by silting up on the other, or at points a little lower 
down the stream on the side attacked, so that the bed they create is veiy irregular 
and unequal. Indeed, as a general rule, it may be said that the only certain mode of 
deepening the bed of a river is by the establishment of longitudinal enbankments 
either sxrhmersible or not, — continuous, or with small openings, to allow the passage 
of flood waters, according to the local peculiarities of the river to he acted upon. A 
knowledge of the modifications to be introduced in the application of these genera! 
rules constitutes, in fact, nearly the whole merit of an Engineer. 

32. Continuous banks are executed in many different ways, according to tbe nature 
of the soil, the course of the river, and, above all, according to tbe natui'e of the 
materials to he met with the most readily, and at the cheapest rate. On the Con- 
tinent they are executed sometimes in rough blocks of stone or concrete ; of fascines, 
or of panniers in osier, filled in with gravel or ruhble-stone ; or lastly, hy a com- 
hmation of the above methods, which answers very well for the immersed parts of the 
hank, when the portions out of water are dressed off to a regular slope, and planted, 
or paved with a dry stone pitching, laid in either regular or irregular courses. 

On the hanks of the Loire the slopes are protected by means of stone pitching, 
which is remarkable for the perfection of its execution and its comparatively feeble 
thickness. They are generally inclined in the proportion of I J of base to 1 in height. 
A bed of gravel is placed behind them, and the foundations are merely formed by an 
excavation or trough dug in the sand below the level of the mean summer waters, 
subsequently filled in with rough rubble masonry. At times, however, it has been 
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ound necessary to introduce gauge-piles witli longitudinal wales, as shewn in figs. 3 
and 4. 

Eig. 3. Fig. 4. 



Embankmorit on the Loire, near Ainboiso. 


Foot of the same on a larger scale. 


. Timber Walls. 


Occasionally also the inclination of the slopes is increased to 2 of base to 1 in height. 
The thickness at the top is made between 8 inches and 1 foot. The anginentation in 
the thickness is usually about 3 inches for every 3 feet 4 inches in height, 

33. A timber walling often suffices for the protection of a bank of a river, and 
aflbrds means of diminishing the width of the stream. An example may ho taken 
from the artificial channel made in the Fort of Lorient, But it may be observed that 


Fig. 5. 


Fig. ( 





the gauge-piles in such works require to he driven to very considerable depths; and 
that if the waters have what is technically called any scour, the solidity of banks thus 
made is more than questionable. 
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Mixed System 34. Oa tlie 'banks of tlie RMue and in Holland, the liigli price of stone, combined 
with the nnlimited supply of gravel and aquatic trees, have led the French, German, 
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Mixed System used on tlie RMue. 

and Dutch engineers to substitute either a mixed system of fascines paved with stone, 
or what they call Hunages,’ instead of the system employed in the countries where 

Fig. S. 



stone is abundant. Works for the defence of the banks, or for the regulation of 
the waterway, executed in this manner, do not, it is true, last very long ; but their 
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Tunages. 
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relative daration is sufficient in rivers carrying mucli suspended matter ; for they give 
rise to depositions wliicli eventually serve to effect tlie object intended in a more per- 
manent way. 

35. The tiinages upon the llhine consist, in the portions suLmerged^helow the 
level of the low summer waters, in floating layers of fascines, which ^are firmly fixed 
in the hank, and sunk hy being loaded with gravel or rubble-stone. These layers of 
fascines are fastened, either to the bed of the river*, or to the subjacent layers, by 
means of strong pickets. The work is so divided that the bods of fascines float at 
their extremity towards the river, so as to leave toothings, in case it should become 
necessary to advance the work further into the waterway or thalweg. The flexibility 
of this kind of carpet also enables it to adapt itself with more facility to the different 
forms of the bed. 0reat rapidity of execution is necessary whenever the tunages 
are used, in order to avoid the dangerous effects of the scour of the waters under the 
floating extremities of the fascines. 

In Holland, when the banks of a river are attacked by the current, immense plat- 
forms are constructed of such tunages, which are floated to the positions they are 
intended to occupy, and there sunk. Such a mode of proceeding is practicable in a 
country where the waters may all be said to be sluggish, but when the current attains 
any degree of velocity, it ceases to he of any practical use. 

36. The original banks of a river, or any embankment formed for the contraction 


Fig. 10. 



Ciayonnago used in Holland, and upon the Banks of the Rhine in Franco and Germany, 
of its clmnnel, are sometimes defended by what are called * clayonnages.’ This 
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method consists in covering tlie surface to be protected by fascines laid transversely to 
tbe [direction of the current in three or four rows. Strong pickets are driven through 
them, and are allowed to project about IS inches above the top. Withes are then 
passed over the projecting heads of the pickets, and serve to form a kind of frame- 
work on which stones and gravel are laid, to maintain the fascines in place, and to 
stop any matters which may be in suspension in the waters. The durability of such 
works is not great, nor should they be resorted to in positions where stone defence- 
walls can be erected with due regard to economy. 

37. In our own country the use of fascines is almost exclusively confined to the 

Corps of Eoyal Engineers. The usually adopted systems of protecting the banks of 
rivers are limited to modifications of dry stone walling or of timber revetments. On 
the banks of the Thames some very extensive works have been executed for the pro- 
tection of the lowlands, especially below the bridges; but they may be said to be 
more remarkable for their magnitude than for the skill or economy of their execution. 
In fact the extreme regularity of the course of our rivers has so simplified the difiiculties 
connected with works intended to maintain them, that very little attention has been 
paid to the subject by English Engineers, > 

38. In ’many rivers the banks are protected by a series of spurs without return 
ends, projecting into the stream, and attached solidly to the bank. It was formerly 
considered that such spurs were more economical than a continuous embankment. 
In some instances they protect a length on the npper side of double their projection, 
and on the lower of three times the same length ; hut they have been found to 
produce sinuosities in the course of the stream, and to determine strong corrosive 
actions on the down-stream side ; moreover, the heads of the spurs themselves are 
much exposed to the undermining action of the w'aters. The dangers of the use of 
spurs are most strongly developed during floods. In ordinary states of the river, 
the water which passes into the angles formed by tbe spur becomes stagnant, or it 
turns slowly, especially on the up-stream side, and allows a deposition to take 
place; hut when extraordinary floods occur, and the velocity of the stream becomes 
very great, the rotary motion of the water not unfreciuently produces a whirlpool 
which injures the hank and the works of the spurs themselves. The spurs, in fact, 
give rise to a destructive action more powerful than the one they were intended to 
guard against. 


New Channels 
and Cuts. 


JVew GKdnnch^ CatSf and Dredging, 

39. In certain rivers whose section is very great, and which are liable to great floods, 
-—whose beds may he said to possess great mobility, and whose central portions are 
often occupied by islands,— the navigable channel is likely to pass from one hank to 
the other by traversing the intervals between the islands, and it has been attempted 
to rectify the bed by creating new channels across the latter. 

The practical results obtained by the Engineers of the Rhine (a river which is 
in all respects worthy to be taken as a model, both from the difficulties it presents, 
and the skill employed in overcoming them) have led to the establishment of the 
following rules : 

1st. The new channels should he as deep as possible. 

2ndly, They must he connected with the old channel by curves of considerable 
radius. ■■ . ' . ■, ■ 

Srdly. They must not he opened to receive the waters of the river until the down- 
stream end of the ancient pass has been completely closed. It has been found 
impracticable to divert the waters into the new channel unless this he done, 
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because it is impossible to throw out the new cut to a depth iuferior to that of 
the old channel. 

4thly. The beds of the new cuts must be cleared of all trees, reeds, or aquatic 
plants in the zone in which it is intended that the river should flow. 

It has been found that cuts having only between 17 and 30 feet at the bottom, or 
floor-line, were sufficient for the Ehine, notwithstanding its immense volume. The 
■waters directed into the new cuts do, in flict, very rapidly both deepen and enlarge the 
channel to the extent necessary to insure the full discharge of the stream. 

40. An economical manner of removing the materials of the bed of a river consists 
in the application of movable dams attached to a boat. These dams ofler a resistance 
to the flow of the water ; and, according to the greater or less depression given to 
them, they either divert the whole eflbrt of the stream against any particular object, 







or, by simply contracting the waterway, they augment its velocity, especially at the 
bottom. This mode of dredging cannot be applied if there be any necessity for the 
removal of the materials disturbed. It evidently only acts by displacing them, leaving 
them free to be deposited elsewhere. Wherever applicable, this system has been 
found to diminish the expense by about ^^ths. 

The machine shewn in flg. 11 was employed on the Garonne, in which river it 
removed about 60 yards per day of sand and clay, at an expense of about 2|<^. per 
yard cube. 

41, In the United States, rocks in the beds of rivers are often removed by means 
of a series of stampers, set in motion by the waters of the river acting upon wheels 
attached to boats or any other temporary staging. Sometimes it is necessary to 
employ the diving-bell, and to blow up impediments to the navigation with gun- 
powder. At others, and especially when it is desirable to remove entirely all the 
materials loosened from the bed of the river, the dredging-hoat, moved by steam 
power, is employed, 

42. Before quitting this subject, it is necessary to notice an interesting fact as 
regards the beds of rivers. In many cases, particularly in those where the bed is 
composed of gravel, natural bars form, as it were, of their own accord : if removed, 
they ..e re-formed with great rapidity, and appear to result from the form of the bed, 
which gives rise, in these precise localities, to a sort of slackwater favourable to the 
settling of the gravel. Advantage should be taken of the indications thus given ; for 
if it be desired to erect a dam or barrage, the positions of these natural bars will be 
found to be the most advantageous, and tlie direction they take with the current will 
aiso be the one most likely to insure the solidity of the construction. 
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Geneval Considerations n/pon Worlcs for the Establishment or the Amelioration 
of the Namgation in Rivers, 

43. The solution of the questions connected with the establishment of river navi- 
gation is attended with so many difficulties both technical and commercial, whose 
importance varies with almost every separate case, that it is impossible to lay down 
any invariable rules to guide the conduct of an Engineer. Local circumstances 
influence to so great an extent the favourable economical results of such work, that 
every river requires to be examined, as it were, upon its own capabilities. 

When the navigation takes place downwards only, and there is a sufficient depth of 
water, and when the flow of the water is alone the moving power, the danger to be 
obviated can solely arise from the too great rapidity of the current. If it be desired 
to render the river able to float larger boats, its depth can only be augmented by 
retarding the velocity. The question to be examined before undertaking works to 
effect this, is whether it he more economical to employ lai'ge boats with a longer 
total passage, or small boats travelling with greater rapidity. 

If the navigation take place upwards, works which would retard the velocity ©f 
the stream produce not only a great saving in the motive power, but also enable 
larger vessels to be employed : the question in this case is simply whether the naviga- 
tion is sufficiently active tojustify the expense incurred. But if the navigation takes 
place in both directions and in variable proportions, the solutions admit of an endless 
variety. , 

44. The first considerations which arise, when we examine the necessity for 
improving a river, are,— rshall the navigation be kept in the old channel ?“**shall a new 
one be opened, either with running waters, or with still waters as in a canal ?--on 
which bank shall the navigation be maintained? These considerations are moreover 
complicated by the nature of the country on the banks of the river, the rights of the 
proprietors, the occasional presence of mills, and even by questions of militaiy defence. 
Finally, we may meet with physical impossibilities ; or, at least, the outlay may he 
so enormous as not to warrant any hope of success. 

Before proceeding to lay down any project for the improvement of a river, a genera! 
plan must be made of the main stream and of all its affluents. Longitudinal and 
transverse profiles, and levels of the bed, the banks, and the land immediately upon 
them must betaken. Careful observations must be made upon the heights of the 
lowest waters, of the mean, and of flood streams, taking care that they be averaged 
over the greatest possible number of years ; and the volume of the river must be 
gauged in all the above states. The natui'e of the matters held in suspension, the 
tendency of the river to scour, or to deposit, and the nature of the bed, are also points 
of vital importance. The form, and tonnage, of the boats in use upon the river to be 
improved, or upon any other with which it communicates, must also he ascertained. 
The capabilities of the surrounding country for the provision of materials necessary 
for construction wiU also require to be noted. 

The formulas announced by Be Prony, and verified by Eytelwein upon some large 
rivers, are of great service in determining the volume of a water-course. Leaving out 
of account the form of the banks, they are 


T = h'Uf & w «= — 0-07 + 


0-005 + 3233. 


/ + 2 
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in which. Y *= the volume per second ; I = the width of the bed ; h = the mean 
depth ; % the mean velocity per second, and i = the fall. 
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In rivers whose wicltlr is great in proportion to the depth, the value of % may be 
safely taken as being 

a = - 0 'Or + A /o '005 + 3233 /-J—,, 

V 6 + 2 

or even when the width exceeds 130 feet, 
u ^ ™- 0'07 + 

More detailed information upon the application of these formulae will be found in the 
works of De Prony, Coriolis, and Gauthier, or in the ‘Annales des Ponts et Chaus- 
sees,’ 1835-6. 

45. One of the first obstacles to the navigation arises from the narrowness of the 
stream, either in the straight parts of its course, or in the curves. If it be attempted 
to remove this obstacle by excavating the sides, we are likely to diminish the velocity, 
and also, very probably, the depth. Moreover, if the river hold much extraneous 
matter in suspension, the depositions which will take place in the still waters will 
probably cause the banks to be re-formed, unless the channel be kept open by con- 
tinual dredging. 

46i Bends in rivers affect the navigation injuriously in two ways. Firstly, they 
diminish the width practicable for boats, and secondly, they augment the length of 
the traject. By opening a new passage between the extreme points, the velocity is 
increased, and siiniiltane<)usly the depth is diminished. It often happens, if the hanks 
be easily corroded, that at the time of Hoods the river re-opens its oiuglnal channel, 
an accident which occurred on the Oise above Compeigne. 

If the bend be of sufficient importance, the best method of obviating it is to construct 
a lateral canal with locks. Of course it becomes a matter of calculation whether the 
economical returns of such works compensate for the outlay. 

If the nature of the bed or the velocity of the stream be the principal obstacle to 
the navigation, these may be obviated as follows. Firstly, either by lengthening the 
course of the river, by widening it, or by deepening it ; or by a combination of two or 
more of the above methods. Secondly, by establishing transverse dams to retain the 
water, in a series of ponds of still water, between which communications are esta- 
blished by locks, sluices, or flashing gates, to he subseq,uently descrihed. 

When the want of depth is the principal obstacle, it is sometimes obviated by con- 
tracting the channel, either by transverse dikes, or spurs, fixed to one or both banks, 
or by longitudinal dikes, either single or doiible. When rivers are divided into 
numerous brauches by islands in mid -channel, the dikes are established in such a 
manner as to close up the smaller branches, and to connect the islands with one 
another. Some very Important works of this description have been executed on the 
Loire, between Orleans and Nantes ; and also upon the Seine, between Paris and 
Bouen, These will he described in detail; but it maybe here observed, that the 
results confirm the assertion, ‘ ‘ that the only certain mode of deepening a river is by 
the esteblishment of continuous longitudinal embankments.*’ 

47. The height chosen for the crown of embankments is a subject which requires 
mature consideration ; for upon it depends, to a great extent, the action of the upper 
floods, mid the scouring action of the river. The dikes or dams of the Loire, of the 
Rhine, and of the Po, when they are executed, as in the latter, at a distance from the 
bed of the river, do not produce any danger from the causes here mentioned. They 
are, in fact, only intended to resist the floods, which, on extraordinary occasions, 
would otherwise overflow the fertile lauds at the back of the embankments. It has 


* As on tbo Ridcau Canal, Upper* Canada. 
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been found advisable in practice never to allow tbe crown of tlie embankments 
erected for the purpose of diminishing the channel to exceed the level of the mean 
waters ; whilst they only exceed that of tbe low waters by about 2 feet, and are 
covered by the floods. 

48, The following simple rules suffice for ordinary cases, and they give results 
which are tolerably accurate. 1st. The velocities vary in the inverse ratio of the 
cube roots of the widths. 2ndly. The cubes of the heights are in the inverse ratio 
of the widths of the beds. In the United States, the principle adopted to regulate- 
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the dimensions of the narrowed pass is, to make its capacity equal to tliat of the 
ancient bed. As much as possible it is requisite to preserve the natural waterway ; 
and if it be necessary to displace it at ally to direct it, in preference, to the bank or 
portion of the channel most likely to yield to the deepening action of the waters. 

Dikes or Dams Longitudinal dikes appear to be indisputably the form most fitted for the tidal 

ill Tidal Portions portions of rivers, inasmuch as they allow the tidal waters to spread 'with greater 
regularity. On the Clyde, the Bee, and the llibble, it was attempted to deepen the 
waterway by means of transverse spurs, or Jetties ; but the experience of the best 
Engineers has led to the substitution of the longitudinal dikes. These are, in the 
cases referred to, executed in rubble-stone, and are usually from 3 to 5 feet above low- 
water mark. When covered by the tide, their position is indicated by beacons placed 
at regular intervals. Some very interesting information upon the subject of the 
improvement of the tidal portions of rivers is to be found in a short work by B. 
Stevenson, Esq., published in 1819. The Eeport made by Messrs. Be Prony and 
Sganzln, in the year 1806, upon the works projected by the order of Napoleon fur the 
restoration of the Port of Venice, contains also very valuable observations upon the 
best method of improving tidal rivers. 

The materials employed in the execution of these jetties, spurs, or dikes vary with 
the nature of the country in which they are situated. It is always a very difficult 
operation to close any waterway, especially when the bed is easily removed. If the 
dam be executed by commencing from the two sides, the passage becomes contracted, 
the speed of tlie cuiTent augments, and necessarily the bed becomes deepened. If, 
on the contrary, the dam be executed in liorizontal layer’s, the waters retained 
flow over the top and produce 5i cascade which is likely to overthrow tlie structure. 
It appears, however, preferable to adopt this latter course, wherever it is feasible. 
In any case it is requisite to execute tliese works at seasons of the year when the waters 
are lowest. , ' . * ■ 

Whatever system be adopted for such river- woi’ks, it is indispensably necessary 
that any defect be remedied at once. Oohstant inspection, great care, and continual 
labour are the only means by which the banks of rivers can be maintained. No 
short-sighted notions of economy should be allowed to interfere with the organisation 
of an efficient system of maintenance. 


JDmm OT Barrages in Rivers. 


FormuijeofFlow 
of Water, , 


50. When rivers bring down small volumes of water, the simplest method of ren- 
dering them navigable is by the erection of dams or barrages across tbeir beds, thus 
creating a series of ponds. The communication between these ponds may be effected 
by sluices, as before observed in the case of floatable rivers, or by locks, or even 
through a pass left constantly open. These last are, however, simply transverse 
jetties, which narrow the bed of the I'iver. 

Bams may be either fixed in their whole height, or theyTmay be movable in such 
a manner as to leave a free passage for the waters in time of floods. 

The object of oontinuous dams is to cause the waters to rise on their up-side, so as 
to obtain a sufficient depth for the xmrposes of the navigation. Their result is to 
diminish the depth of the waters below, in consequence of the additional velocity 
acquired by the fill! over the crown of the dam, The depth of water upon the crown 
depends upon the length of the dam. M. CastePs formula for ascertainiug it (which 
is generally adopted by Engineers in calculations of this nature) is 
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in wliicli aj is tlie height sought ; Q, the discharge per second ; and L, the length of 
the dike or hank. 

51. Although the dam produces the effect of retarding or heaping up the waters, 
it is not immediately upon it that they attain the greatest depth, hut at a certain 
distance above. The surfiice of the fluid assumes a convex form before arriving at 
the dam, the cui've of which commences at a very considerable distance. MM. Guil- 
hem and D’Aubuisson consider the curve to be a portion of a hyperbola whose sutnmit 
is above the dam before the waters begin to fall, and whose asymptote is the line of 
the natural mean fall of the waters before the establishment of the dam. The equation 
of this curve would be 

( y -f p X 1 

7j H ^ 

in wliich x is the horizontal distance of any point in the curve to the dam ; y is the 
height to which the waters are heaped up at that point above the original level ; H, 
the greatest height to which they are raised ; p, the fall of the bed of the river, in 
this case supposed to he straight. 

It is usual to place the dams at sufficient distances from one another to allow the 
level of the waters thus kept back to meet the level resulting from the natural fall of 
the bed. The crown is kept at about from 8 inches to 1 foot below the height calcu- 
lated for the augmented depth. The formula for calculating more exactly the dis- 
tance of the extreme point of the difference of level created by the dam is (supposing 
the coefficient of contraction to he 0*70) 

g = im id^Jd + 0*08 V2, 

in which q is the quantity of water discharged per second ; I, the width of the dam ; 

the distance of the extreme point sought ; V, the mean velocity of the up-stream. 
M. D’Aubuisson prefers the formula 

q %g .111 

in which vfh is the coefficient of contraction ; A, the difference of height between the 
crown of the dam and the sheet of nearly stagnant water which is found above it. 

52, There are two methods of establishing dams in rivers ; either with small falls 
often repeated, or at considerable distances asunder with great falls. The latter 
system has the advantage of causing less interruption to the navigation, and of losing 
less time in the passage of the locks ; hut it is accompanied by great increase in the 
expense ; for as the weight of water acting upon any construction increases in the 
ratio of the squares of its height, the strength and consequently the expense of the 
works must increase in the same ratio. The height usually adopted for river locks is 
rarely above 6 feet 6 inches : when there are no locks for the passage of the boats, the 
height is not more than from 3 feet 3 inches to 4 feet 3 inches. The nature of the bed of 
a river also becomes an important element in the solution of the question as to the posi- 
tion of the dams. It is evidently essential that they should be placed in positions 
where the fall of the cataract is not likely to undermine them. 

In order to augment the width of the section, and thus to diminish the velocity of 
the stream falling over a dam, it is frequently made with an inclination towards the 
stream. But as the direction of the water flowing over is always normal to the line 
of the crown of • the dam, it is likely to produce corrosions upon the hanks on the 
down-side. A safer way of augmenting the section is to dispose the dam in a convex 
form to the up-stream ; or, if the labour upon the masonry of this arched shape be 
too great, a che^m hrise may be substituted, observing that the salient angle is pre- 
sented to the stream. Both of these forms have, however, the disadvantage of con- 
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tracting tlie waterway, and of facilitating the deposition of silt in the angles of junction 
with the lochs or sluices. 

§3, Dams are made either with Yertical faces or with slopes. The Tertical face 
presents the advantage of immediately checking the velocity of the current hy the 
effects of the cataract ; but in this case other works are necessary, to secure the 
foundation. If the dowii-side be made with a slope, the excavating action of the 
water is diminished, but the mass of the construction is augmented. Local considera- 
tions of economy must guide the Engineer in the choice of the form to be adopted ; the 
nature of the bed also forms a very important object of consideration in the determina- 
tion of such questions. 

An example of the mode of constructing the dams used in the United States is 
given in figure 22, page 278. In this case they were made in sections about 20 feet 
long, as in the example given, of timbers 20 inches square, notched down upon one 
another 3 inches. These sections were gradually sunk into their positions, well 
fastened together, loaded and backed up with stones and gravel. Six-inch planking 
is laid on the upper surfaces. This dam has an inclination of 45® to the stream, and 
measures 72 feet across at the foot. The total length is 1600 feet. A portion of it 
is executed in ruhble, for a length of 270 feet, the width at the top being 12 feet, and 
at the bottom 150 feet. 

Dams are sometimes executed in vertical cases of wood- work, similar to coffer-dams, 
and consisting of main and sheet piling, filled in with rubble, the foot of the down- 
side being protected by loose stone left to find its natural slope. Again, at other 
times an open frame-work of carpentry is driven into the ground, which is filled in 
also with ruhble, but dressed off to a regular slope, which is much greater on the down 
than on the up-side. 


Fig. 24. 


DANGEROUS 



Stone Bam' on the Lesser Saone Elver. 


54. The crown of a dam must always he made with an inclination towards the up- 
stream, in order to facilitate the afflux of the sheets of the fluid towards the extreme 
edge, thus— Figs. 25 and 2 1. 



Darn at Coly. 



Bam upon the Blav3fe, 
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Another very necessary precaution to be observed in constructing the dams of timber- 
•work is to prevent any of the beams from traversing the whole structure, as they 
would in that case act as pipes to allow the Avater to pass through. 

The platform on the down-side should be made of a length equal to three times the 
height of the dam, when the latter is vertical. It is advisable to strengthen tbe part 
upon which, the water falls directly, and, if possible, to interpose some elastic sub- 
stance, such for instance as a bed of hisciues. The lower extremity of the platform 
must he guarded by a range of close piling. 

In some rivers the dams are made with openings, to which gates, or other methods 
of closing, are applied ; so that they are shut during the dry seasons, and open when 
the waters rise. These dams present a series of piers and openings in the river pre* 
cisely analogous to the piers of bridges, and they require the same methods of construc- 
tion and defence those works would. The dimension of the openings is regulated by 
the mode of closing, and it varies from 13 to 26, or even to 48 feet, according to the 
size of the boats or the violence of the floods. 

55. On the Marne, the Tonne, and the Aude, the system of closing consists in a set 
of movable blades turning on a pivot at the bottom, and bearing against a bar at the 
top, which itself is movable, A holt being drawn, the weight of the w^ater forces: 
the top bar to swing round, and the blades then fall to the bottom, leaving the pass 
clear. In other cases the blades are horizontal, and shut against a vertical locking- 
bar, or the blades are converted into a solid door or gate. When the openings are not 
intended for the purposes of navigation, they are closed by vanes set in motion by 
crabs or winches, or by horizontal flaps at different heights. Sally-gates have been 
used, but they require too gimt an effort to open them against the stream. Turning- 
gates upon vertical hinges have also been tried, but they are objectionable, in the first, 
place, because they hinder the navigation ; and in the second, because they require 
an extra thickness of very expensive masonry. In cases where the height of the 
water kept back has been but insignificant, it has been found that the use of dams 
which open and shut simply by the weight of the water acting upon them has 
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the lieiglit becomes important, the construetion of these works becomes propoi-tion- 
ally complicated and expensive j they are also liable to be easily put out of order, and 
are difficult to repair. 

The width of the sluices left for the flood-waters or fo * floating the wood*rafts, upon 
the Continent, varies from 10 to 26 feet. In order to economise time, and, to a 
certain extent, the works necessary to the efficient service of these sluices, it is generally 
found to be advantageous to })lace them at one of the extremities of the dam. When 
locks are constructed, the sluices are placed close to them for the same reasons. The- 
floor of the pass of the sluice is kept at the same level as the bed of the upper portion 
of the river, and is Joined by a regular fall with that of the lower, so that in case ot 
necessity, the sluice maybe used for the passage of boats. When the bed of the 
river is soft, the floor of the sluice must be protected by a platform. 

The dam indicated in p. 281, as being used upon the Lesser Saone, is a mixed con- 
struction, one part being fixed, the other movable. The fixed part varies in height 
rom 2 feet to 4 feet above the low waters ; the movable parts, which consist of a 
series of leaves turning upon horizontal pivots, vai'y in height from 1 foot 4 inches to 
4 feet 6 inches. When the floods attain a dangerous degree of elevation, they over- 
balance the movable parts, which fall flat, and thus allow the surplus water to 
escape. 

56. M. Poirde, Engineer in Chief of the navigation of the Seine, introduced upon 
the Yonne, and subsequently upon the Seine itself, a kind of movable dam wliose 
application is spreading very rapidly in France, It consists in the use of a series of 
metal frames, fastened together at the top, so as to be laid flat on the bed of tlie river 
by turning on their bases as hinges. The frames are let into a groove sunk in the 
floor of the dam, in such a manner that the frames, when laid flat, do not project 
above the bed of the stream. The frames are maintained in their vertical position by 
a movable bar which fits down upon tbem, and serves to keep the blades closing the 
waterway in their positions at the top. At the bottom, the blades fit into a groove 
made in the floor of the passage. They are of wood, from 4 to 5 inches wide, and 
are pressed against the top bar by the weight of the water. The height of the 
frames may vary from 4 to 10 feet; their distance apart is made equal to their 
height, with a small allowance for play. These dams are exceedingly economical, 
and they x->resent the advantage of being susceptible of leaving the whole or any 
portion of the water clear, as occasion may require, whilst they are equally effective in 
closing it entirely. M, Poir<ie estimated the expense of such dams at about £40 per 
yard run. 

57. Whatever he the nature of the dam employed, some means are required to 
enable the navigation to pass from one level to the other. For floatable rivers, sluices 
suffice, which must be made of such dimensions as to he able to pass any raft of the 
ordinary construction of the country. The wing- walls of the passage must hecon- 
tinued down the stream, to guide the boats, and more particularly to diminish the 
curvilinear fall of the water. The danger attending the difference of level above and 
below the dam induces Engineers in practice to recommend that the sluices be opened 
about a quarter of an hour before boats or rafts are to be passed, although, by so 
doing, the level of the water in the upper bay is inconveniently depressed. For tbe 
facility of guiding boats through the sluices, it is desirable that they be placed as near 
the towing-path as possible. 

JjQch for Miver NavigoUion* 

58. The use of sluices is accompanied with so much danger and difficulty, that in 
all cases where the uavfgation assumes any importance, locks are substituted for 
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them. Lochs may he called hydraulic machines, by means of which heavy cumbrous 
bodies are raised from one level to another, or mce versa. They consist of a basin of 
variable surface, which is closed by gates at each end. The floor of the loch is on a 
level with the bed of the lower part of the river to be communicated with. The 
crown is slightly above the upper surface of the water. When a boat is to be passed 
from the one to the other, it then becomes necessary to alter the level of the water in 
the intermediate basin, so as to bring it to that of the respective bays. The boats are 
thus passed from one to the other without the risk of shocks, and with the least 
possible expense of water. 

59 . River lochs may be placed in the bed of a river, or in a short branch made 
parallel to the main bank. When a river divides into several branches naturally, it 


Fig. 28. 




is usual to place the dam at the head of one of them and the lock at the end of the 
other, so that the intermediate portion of the original bed of the river hecomes con* 
verted into a basin. The reasons for which this particular arrangement is adopted 
are, because it is easier to construct the loch in sucb positions, by merely diverting 
■' the waters of the river in the mean time into the secondary branch ; and because the 

still water thus created above and below the locks,' free from the agitation of the 
I cascade over the dam, is found to be highly advantageous to the navigation. More- 

■ over, the loch itself in snch positions is less likely to be affected by gravel or mud, 

i especially if guard-gates are placed at the entry of the basin thus formed. 
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If, however, the form of the river he such as to render it indispensable to place the 
lock in the bed, it must be placed at one extremity of the dam, so that the side wall 
forms also the retaining wall of the towing-path, The tail-walls must be prolonged 
into the stream, so as to remove the boats from the agitation produced by the waters 
failing over the dam ; and by this disposition the wing- walls, upon a considerable 
portion of their length, are removed from the charge of the water in the upper level 
er pond. 

60. A very important question to be decided in the construction of river locks is 
whether they should be submersible or not. In the former case, great danger is 
incurred from the effects of the waters acting upon the embankments by the side of 
the wing- walls ; and it is necessary, in order to guard against this danger, that they 
he covered with a stone paving laid on a bed of concrete. The gates should also be 
opened in order to prevent any kind of cataract. Where the locks are kept entirely 
out of the water, they offer the serious impediment to the navigation of requiring 
that the towing-paths he elevated, sometimes to a very inconvenient degree; and 
they also require long inclines to reach the level part of the emhankments. It may 
he said, however, that when floods attain any degree of elevation, such as to render 
it necessary to keep the top of the locks inconveniently high, the navigation is entirely 
suspended : all the advantages are therefore in favour of submersible locks for river 
navigation. 

If the locks he insuhmersible, it is desirable, to facilitate the working in ordinary 
states of the river, that the tail-gate especially be made in two parts ; the upper part 
to shut against a rabbet in the lower one. 

With the exception of these cases, the locks are closed wdth double sally-gates, the 
difference of level of water being obviated by means of vanes, or water-ducts, as 
explained in the following Section on Canals. It is advisable in all such works to 
leave grooves in the wing-walls to receive a temporary dam, in case repairs are found 
necessary. 

The same perfection is not required for a river lock which is found necessary 
for canals, as they are hardly ever liable to be short of water. Still there is so 
important a loss of time resulting from the infiltration through the wing-walls, 
that it has been found to he advisable to have them well built. The same motive of 
economy of time has led in some cases to the placing of a supplementary pair of gates, 
in order that when small boats have to pass the lock, it may not be required to fill 
the whole length of the basin. When the navigation is very active, it may occasion- 
ally be necessary to make more than one lock : in that case it would be better to 
make them side by side, as the middle wing- wall would serve for the two. At all 
times it is necessary to pay particular attention to the size of the boats frequenting 
the river or its affluents, for that must regulate the dimensions of the locks. 

61. It has occasionally been found advisable to establish sluices in the lock-gates, 
for the purpose of scouring out the mud, especially in river locks. The action of 
these sluices is, however, very imperfect when the cascade- wall is high enough to pre- 
vent the water from sweeping the bottom of the basin. This inconvenience has been 
remedied in some cases by making the bottom line in a regular incline from the entry 
of the lock to the tail-gate. In the United States, the cascade-wall is often thus 
suppressed, and in the middle of the basin a grating is fixed, to catch any aquatic 
plants likely to interfere with the opening of the lower gates. On the Loire an inter- 
mediate system has been followed, by which the height of the cascade-wall has been 
diminished without being entirely suppressed ; in fact, it has been found that the 
extra height thus given to the upper gates rendered their action slow jukI difficult. 

62. Great precautions are indispensably necessary as regards the foundations of 
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river locks, to protect them from the extreme force of the excavating powers of the 
stream. Even when the bed of the river is of a resisting character, it is advisable t6 
let the foundations into the rock about 3 or 4 feet. If the bed be likely to yield, a 
long platform must be executed both above and below tbe lock, so as to form there 
at least a solid bed. If the work he upon piles, the extremities must be protected 
by a continuous range of close piling, and any projecting part beyond the line of the 
first set-oft must be carefully paved. In making a floor it must be borne in mind 
that the weight of the water of the upper level acts upon it to blow it up ; the 

Fig. 30, 

Lock-sill perforated to form a Sluice. 
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dimensions must therefore be sufficient to resist this action. It is always preferable 
to execute tbe floor as an invert. 

In the United States many inclined planes have been executed to carry vessels over 
considerable falls. Indeed the difficulties attending the establishment of locks 
in rivers are so great, that they have led Engineers to prefer the construction of 
lateral canals, whose works, especially in the intermediate portions, are much more 
easy of execution, and also much less exposed to accidents from floods. Details of the 
execution of lock-gates and the other parts of such constructions will be found in the 
succeeding pages. 


SECTION IL— CANALS. 


1. The dangers alluded to in the first portion of this article as attendant upon the 
construction of works in the bed of rivers, and the constant interruption to which 
the navigation is exposed from the various conditions of their course, sufficiently 
explain the preference accorded to lateral canals. These canals, howeveiy only serve to 
regulate the navigation in the direction and, generally speaking, in the hydrographical 
basin of tbe existing streams. Another very important class of canals is the one 
designed for the purpose of forming a navigable communication between rivers flowing 
perhaps in opposite directions, and to overcome the difficulties arising from the 
interposition of the mountain chains whence the rivers take their source. Such 
canals, then, have forcedly a summit-level, and lock down in both directions, in order 
to carry the navigation over the differences of level. 

From these circumstances canals may be separated into the two main divisions of 
lateral canals, and canals with a summit-level. 

2. Lateral €<maU . — This first category comprises all derivations from rivers which 
are made either for the purposes of navigation, for irrigation, or for the supply of the 
water-coui'ses of mills and factories. They may be made with a slight fall, so as to 
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maintain a definite velocity in t!ie water, or they may be made so that the respective 
portions between the lochs assume the character of pools of stagnant water, without 
any perceptible flow. The former arrangement is applicable in cases where the 
navigation only takes place in the downward direction, or where the motive power of 
the water is to be made use of. An instance of a canal with a constant fall is to be 
found in the Canal de FOurc, near Paris. Upon it the navigation only takes place 
towards the capital, and the derivation itself serves also to carry the water to the 
town, for the public fountains, washing the streets, &c., and likewise to furnish the 
water requisite for the canal which runs round the north side of Paris. 

Movement of formute which express the conditions of the movement of waters in a canal 

Water. whose section is constant and fall uniform, are usually given thus : 

Q = S ; from which equation, > = S; 

■ - S 

Q being the volume discharged per second ; S, the section of the stream ; Vj the mean 
velocity per second. Or, M. de Prony gives another formula : 

T= B U . « == - 0-07 + A A’005 + 323iiA ; 


in which I is the mean width ; h, the depth ; i, the fall ; «, the mean velocity per 
second. Of course it is to be observed that in all the formula used by the French 
Engineers, they have exclusively employed the metrical system. 

3. In all canals wdiere it is desired that the waters should have a definite flow, it is 
indispensable that the fall be maintained tiniformly throughout its length. On the 
Canal de rOurc, the Engineer, misled by his theoretical reasoning upon the shape 
assumed by the longitudinal profiles of rivers, adopted the plan of making the bed of 
the canal a species of catenarian curve. Upon ibis principle the fall in one part was 
made *0000625 per metre, in the other 0™’0001236 per mOtre, instead of being a 
Uniform fall throughout its whole length. The result was, that the flow over the highly 
inclined portions became rapid and the depth feeble, whilst in the more level parts 
the flow could hardly be said to exist, and there was an excess of water. 

An important observation made by Dubuat on canals of this description, was to the 
effect that the aquatic plants retard the flow of the water to such an extent as almost 
to require that the inclination be double that indicated by theory. 

A. It is usual to make all lateral canals, and even in many eases summit* level 
canals, with falls such as we are now considering, in order to compensate for the loss 
of water which takes place from evaporation, lockage, or infiltration. The direction 
of the movement of the navigation does not affect the rate of fall so much as the 
consideration of the stability of the works, although doubtlessly it is a very important 
element in the solution of the question. Practically, a faU which would produce a 
velocity of so much as 1 foot per second may be taken as the extreme limit fora 
canal navigable in both directions: 1 in 20,000 is, however, sufficient to produce a 
flow sufficient to compensate for the causes of loss above mentioned. The excess of 
water thus admitted into the respective ponds should be divei*ted round the locks by 
a culvert, rather than 1)6 allowed to flow over. 

The works connected with lateral canals, which differ the most from similar works 
upon summit-level canals, are those by which they communicate with the upper or 
lower parts of the river ; those by which they occasionally pass from one bank to the 
other ; and those by wliich they communicate with the sea, for nearly all the sbip- 
canals may be classed amongst those now called lateral. 

5. The communications with the natural bed of the river are of the most serious 
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importance, for upon them depends the attainment of the facilities requisite for the 
management of the boats. The security of the latter from floods, the necessity of 
always commanding a sufficient depth of water, the importance of keeping the entiy 
clear of the silt of the river, — all combine to complicate the difficulties and to increase 
the importance of this part of the work. 

A careful examination of the most successful works of this kind leads to the con- 
clusion, that the best principle to be followed in their execution is to place them at a 
rather acute angle with the natural flow of the river, the immediate junction being 
effected either by a large basin or by means of a curve. Under all circumstances, it 
is necessary to have a basin at the point of junction, on account of the differences of 
level the rivers are constantly exposed to from floods or tides. 

If, at the point where the upper junction is established, there be not sufficient 
depth of water at the low summer-level, it is necessary to make a dam. If the river, 
however, be one which brings down much giavel or silt, depositions are likely to 
take place, which would render such works useless. The silting up of the bottom of 
the basin is only to be obviated by dredging, or by establishing powerful sluices to 
scour out the portions necessary for the navigation. 

The feeders must be removed from the influence of floods ; firstly, in order to avoid 
the dangerous effects of the cascades they might produce ; and, secondly, to avoid the 
silting up of the canal by the muddy waters they bring down. The gates at the 
entrance are often made in separate portions when it is necessary to give them a 
great height, in order to attain the object of shutting out the floods. Sometimes the 
first basin of tbe lateral canal is so arranged that its level may be alternately above or 
below that of the river. In this case a double set of gates is necessary- 

6. The outfall, or bottom junction with the river, maybe either directly in the 
stream itself, or in waters which communicate with it. The latter course is taken 
when there is danger of silting up, or of the formation of natural bars by tbe deposits 
of alluvium from the river. However the canal may communicate with the river or 
sea, it is necessary that the junction take place in such a manner as to facilitate the 
passage of boats from one to the other j that there be at all times a sufficient depth 
of water; that it be possible, should occasion arise, to establish sluices, as at the 
upper or feeder junction ; and that the last hasin be of sufficient dimensions to receive 
all the vessels which might require to lie there. This last basin also should, if pos- 
sible, be without locks towards the upper part of the canal, and only be closed 
towards the river. On any lateral canal where there is an important and active 
navigation, such basins or docks are of the highest utility, both for the safefcy of the 
boats, and for the facility of commerce. On the lateral canal of the Mississippi, and 
that of Pont Ghatrain, in a length of about five miles it was proposed to make no less 
than fourteen basins, besides three docks, -—two at the entry and one at the outfall. 
At the outfall the same difficulty is met with, from the variations in the height of the 
river-water at the upper junction. But as the outfalls are usually in the tidal parts 
of the river, it is more necessary to render them constantly insuhmersible than it is 
in the latter case. (See the plans of the upper junction of the lateral canal of the 
Phdne at Beaucaire, of the passage of the lateral canal of the Loire from one side of 
the river to the other, and of the junction with the Medway of the former Thames 
and Medway Canal.) 

The communications between latei'al canals and tidal waters ai'e necessaifily more 
complicated than those in ordinary rivers, from the great differences of level met 
with in the former. It is usual to take as the lowest point of such locks the levels of 
the mean neap-tides at low water. Such a course saves time in passing through the 
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lo’cks wiien once open ; Imt boats are forced to wait at least six bonrs between tides, 
and the last basin is liable to be soon silted up. 

Dii^nsions of 7 . The question of the dimensions to be given to the locks is more simple in the 
case of lateral canals than in those of an ordinary character, for they are always cer- 
tain to have an ample supply of water. They may then be made so large as to receive 
two or more boats at a time in the intermediate basin. It is questionable, however, 
whether the delay in the operation of filling the basin does not more than counter- 
balance the advantage of passing simultaneously several boats. At the outfall this 
consideration may be overruled by the facilities large locks offer for the entry of even 
sea-going vessels into the docks or basins. 

Direction. 8 . As far as it is possible, lateral canals are established in the valley in which tbe 

river itself runs, in order to avoid any extreme differences of level likely to require 
the execution of deep cuttings or tunnels, and also in order to have close at hand 
the means of supplying any loss of water. Sometimes, to effect this object, it is neces- 
sary to embank a portion of the bed of the river itself, as the hills often terminate 
abruptly in steep bluffs, washed at the foot by the stream. Such a case is met with 
in the lateral canal of the Tenessee, in the United States. When the foods of stich 
rivers are of a moderate range, it is desirable to make the dams which separate the 
canal from them of a height sufficient to prevent their being overflowed ; otherwise 
the works must be executed in such a manner as to resist the action of the water 
upon them, and facilities must be provided for the cleansing of the bed. 

Meeting with Necessarily in follo wing the valleys of the main stream, lateral canals meet 

Affluents. ijvith all the affluents which fall into it ; and these often give rise to serious difficul- 
ties. It is easy, of course, to pass small rills through culverts ; but as these serve to 
carry off the natural drainage of the secondary valleys, they are in their turn exposed 
to floods. Their free discharge in all conditions is therefore one of the first and most 
important means of insuring the stability of the canal. Sometimes also a variation 
in the physical and geological character of the country may render it advisable 
to change the position of the canal from one bank to the other, thus adding to 
difficulties met with in traversing an affinent. This is sometimes, as in the lateral 
canal of the Loire, effected by making the passage across the river at the natural 
level of the latter, and consequently exposed to all its irregularities ; or by means 
of an aqueduct-bridge, which may produce very serious inconvenience by damming up 
the floods. 

Oanals with a Summit-LeveL 

10. Artificial navigable canals may be regarded as roads upon which the transport 
is effected in still water, soas to allow communication between two valleys having 
their own natural navigation, without forcing the boats to be unloaded. The objects 
to bo attained in their execution are, —firstly, that their total length be the least 
possible ; secondly, that the difference of level in the intermediate distances be as 
small, and the number of looks as few, as is consistent with a due regard tt 
economy. The evaporation, the loss of water from flUratioas, and the passage of boats 
through the locks, render necessary the execution of Important works to insui’O an 
efficient supply of water. It often happens that this necessity leads into considerable 
expense, and causes a prolongation of the course of tlie canal. 

It has been already observed, that the economical conditions of traction npon a 
canal are, that np to a speed of S feet 4 inches per second, the power, whether of men 
or of animals, is sixty times more effective upon a canal ihan upon a good road ; and 
it is about five or six times as efficient as upon a level railway. The ratio of the 
power diminishes very rapidly as the speed of movement through the water increase^ 
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at least up to a velocity of from 10 to 13 feet per second. We may tlien assert that, 
at least witli the present form of canal-boats, canals are only adapted for the con- 
veyance of heavy cumbrous articles which do not resume a high speed. It is also^'to 
be borne in mind that the passage from one lock-level to another (an operation in all 
cases of from fifteen to twenty minutes’ duration) adds materially to the length of 
time occupied in the transit. 

The remarkable researches upon the movement of boats at high speeds in canals, 
begun by Messrs. Grahame and Fairbairn, and so skilfully continued by Mr. Scott 
Eussell, have, as was before said, thrown a fresh light upon the subject of the resist- 
ance of water to the movement of boats. The laws which appear to regulate its action 
may be given in tbe words of the Eeport of the British Association for the Advance- 
ment of Science, as follows : 

** The resistance of a fluid to the motion of a floating body will rapidly increase as 
the velocity of the body rises towards the velocity of the wave of displacement 
caused by the said motion, and it will be greatest when the two velocities approach 
eq_uality. 

“ When the velocity of the body is rendered greater than that due to the wave, the 
motion of the body is greatly facilitated. It remains poised on the summit of the 
wave, in a position which may be one of stable equilibrium ; and this effect is such 
that at a velocity of 9 miles per hour the resistance is less than at a velocity of 6 
miles per honr behind the wave. 

The velocity of the wave is independent of tbe width of the fluid, and varies with 
the square root of its depth. 

“It is established that in every navigable stream there is a velocity at which it 
will be more easy to ascend against the current than to descend with the current. 
Thus, if the current flows at the rate of 1 mile per hour in a stream 4 feet deep, it 
will be easier to ascend with a velocity of 8 miles per hour on the wave than to descend 
with the same velocity behind the wave. 

“The velocity of the wave of displacement is about 8 miles per hour.” 

It is unfortunate that the economical results of the application of the ingenious 
researches which led to the ascertaining the above interesting facts should not have 
succeeded. 

11. At the present day the rage for railways has caused canal navigation to be 
somewhat neglected. A more efficient system of working them, a rectification of 
their course in some eases, and an improvement in the forms of the boats to he em- 
ployed, would enable the public still to derive extensive benefit from a class of con- 
structions far too much neglected at present. One vital error in the management of 
canals has lien in the admission of private persons to the right of running boats upon 
them. In the hands of Companies able to pay for, and whose interest it would be to 
make experiments to ascertain the possible improvements to be introduced (either 
in the mode of traction or the form of boats), it is nearly certain that the present 
system would very soon he superseded. As it is, even the heavy traffic is leaving the 
canals, in spite of the disproportion of the exercise of power necessary to carry it upon 
railways.- . ■ ■ ■ , ■ , - . . 

The elements which enter into the constitution of the price of carriage upon canals 
shew, indeed, how in various ways the present organization of their traffic acts un- 
favourably upon their beneficial results. These elements are — 

1st. The cost of loading and unloading, which can never be so economically done 
•on a small as upon a large scale. 

2ndly. The cost of transit, including the first cost and the subsequent wear and tear 
.of boats and horses, and the expenses of the crews. 
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3rdly. The tolls, or the payment necessary to cover the interest upon the capital 
employed in the original construction of the canal, and the annual sums expended for 
its maintenance. 

4thly. Any government tax, insurance, risk, &e. 

Now all these elements would he susceptible of diminution, if the whole traffic were 
concentrated in the hands of the Companies. The public would also gain by such a 
course, for it would enable canals to compete more favourably with railways, and thus 
to break down the monopoly the latter are arriving at. 

Some canals with a summit-level are so situated that the fiiU is entirely in one 
direction, as, for instance, most of the canals in Belgium, and that from Arles to 
Bouc. The remainder have falls on both sides from the summit, and they thus traverse 
the mountain chains which divide the respective valleys between their points of arrival 
and departure. Such are the Canal of Languedoc, (the first work of the kind executed 
in Europe,) and the greater number of the canals executed in France, England, Ger- 
many, and the IJnited States. The first description may be considered as constituting 
canals with only one branch ; the second are canals with a basin at the sximmitdevel, 
and branches descending from it on both sides. 

12. When it is desired to construct a canal between any two particular imints, it 
is advisable first to examine with great care the nature of the intermediate country, 
and to ascertain whether there be any points, even within a tolerably wide range, 
whose natural productions are of sufllcient value to require a deviation in the course 
of the canal to insure their passage over it. The situation of all the mines, quarries, 
important factories, or large centres of consumption, must be noted, as upon them 
the advantageous results of the undertaking will mainly depend. Trial levels and 
cross-sections of the country through the different routes which appear suitable, must 
be taken, to asceitain the nature and quantity of work to be executed, whether of 
cutting, tunnel, or embankment. The various springs and water-courses must be 
noted, and the actual uses to which they are applied carefully considered. In 
densely peoj)led and highly civilized countries, like otir own, we often find indeed 
that more difficulty and expense arise from interference with the waters of ornamental 
gardens, than from streams more usefully employed. In new countries and the 
colonies, the use of water privileges complicates the questions connected with the 
diversion of, or interference with, streams. The main object being, however, to put 
the two extreme points in communication, it is essential that the route chosen be as 
short as possible, without losing sight of any collateral traffic, or incurring needless 
expense. 

13. In case the country to be traversed should be of a very irregular nature, one of 
the most important questions to be solved is the position of the summit-level. This 
must be placed as low as possible, for the double reason of obviating the necessity for 
many locks, and in order to insure the most perfect supply of water. 

Occasionally, but very rarely, the point most fitted for the summit-level is found 
to bo the position occupied by a lake or pond of sufficient importance to supply the 
lower portions of the canal. The pond of Longpendu is an instance of this remark- 
able geological formation. It pours its waters into the Loire on one sid®^ by a little 
river called the Bourhince, and into the Saon^ on the other, by the Heune. The 
pond of Cony is also in an analogous position, for it communicates on the one side 
with the Moselle, by the Niche, and on the other with the Saone. Such natural 
indications of the route are, however, quite exceptional, and it much more often 
happens that the central ridge of the chain to be passed is obliged to be traversed in 
tunnel. 

More than ordinary care must be taken to ascertain exactly the sources of supply of 
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•water to tlie summit-level, and to proportion it exactly to the wants of the navigation* 
All the streams which can be brought into it must be carefully gauged in every state 
of the temperature or of the year, and the geological constitution of the neighbouring 
country examined, to ascertain whether it be possible to secure a supply of water from 
wells. The quantity of water to be furnished by the summit-level must depend upon 
the length of canal to be fed by it, — the length, breadth, and height of the locks,— 
and the number of boats to be passed in both directions. In case the probable supply 
of water be exposed to occasional interruptions, or be deficient in quantity, it may be 
advisable to substitute inclined planes for locks, or it may be necessary to follow the 
system employed on some of the American canals, of substituting a railway for a con- 
siderable distance. 

In the branches from the summit-level it is desirable that as long reaches of level 
canal as possible should be constructed, to admit of the concentration of locks. On 
some canals, where two or more locks have been constructed close to one another, 
the Companies have placed a man specially chai'ged to keep them in order ; and where 
they have been detached, the damage done to the locks has often forced them to erect 
a lock-house for the service of a single one. 

XL The dimensions to be given to a canal require also very mature consideration, 
especially when the total development of the inland navigation is considerable. In 
all countries but England, the tendency of the river navigation is to employ a larger 
and deeper kind of boat than was employed before the works for the improvement 
of rivers were effected. Our own large tidal rivers, however, as was said before, 
place us in an entirely exceptionable position. Sea-going vessels come so far inland 
that it is not necessary to send our canal-boats to sea. Our mode of working canals 
also renders it preferable to use a boat able to be drawn at a small expense and 
worked with few hands, Mr, Chapman observes that ‘‘the system of smaU canals is 
peculiarly eligible for countries where limestone, coal, iron ore, lead, and other 
ponderous articles not liable to damage from being wet, or likely to he stolen, are the 
chief objects to be attended to ; and where the declivity of the country runs transversely 
to the course of the canal, which will generally be the case along the sides of moun- 
tains, at an elevation above the irregular ground at their feet.” But we must not 
forget that both theoretically and practically the conditions of movement through a 
small canal are less advantageous than when it takes place through a wide one. 
The section of the boat in the former bears a greater proportion to the water section 
than in the latter, even when small boats are used. The resistance of the water is 
consequently greater. 

On the Bhdne, the barges in use carry 75 tons ; on the lower Seine, between Paris 
and Havre, they are, as already mentioned, sometimes as much as from 500 to 600 
tons burthen ; on the Meuse, barges are employed of 250 tons burthen, drawing 4 
feet of water. The steamers which navigate those parts of the Tenessee formed by 
canals are of 120 tons hnrfchen, with a draught of water of 5 feet. The limits of the 
size of the boats are not finally determined ; and the inference to be drawn from 
the above facts is, that in the future development of commerce it is desirahie to 
make a canal as wide as possible, in accordance with motives of economy and the 
supply of water. 

On some of the French canals the width was settled without any reference to the 
dimension of the boats frequenting the rivers th-us put into communication. The 
consequence was that goods were necessarily transhipped at both ends of the canal 
at an enormons expense. The Administration of Public Works in that country, to 
avoid a recurrence of this blunder, have adopted, since the year 1822, the following 
dimensions'*., ... . 
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Jiupply of Water* 


Kvaporation. 


Canals for ‘ grande navigation ’ are made 33 feet 4 inclies wide upon the floor- 
line, and 49 feet 6 inches upon the water-line, hy 5 feet 5 indbes depth of water. 
The locks are 106 feet 8 inches long hy about 17 feet wide ; the towing-paths 13 
feet wide. 

Canals for ‘petite navigation ’ are made only 33 feet 4 inches wide upon the w'ater- 
line, and 22 feet on the door, with a depth of water of 6 feet. The locks are 100 feet 
long by 9 feet 1 inch wide. The Canal de Beni is of this class. 

Some of the French canals for steam navigation have locks from 26 to 40 feet wide, 
and of lengths between 150 and 233 feet in clear of the gates. 

In England, no very definite rule appears to have been followed in fisdng the dimen- 
sions of canals. Those executed for the important internal lines vary from 31 to 48 
feet upon the water-^line, with an average depth of above 5 feet. The locks are 
generally 70 feet in length by from 14 feet 6 inches to 18 feet wide. Small canals, 
in the mining districts, have in some cases been executed with a width of not more 
than 16 feet upon the water-line, and they range from that to 28 feet. The locks are 
made of the same length as for large canals, hut of only half the width. 

Ship canals have been made of much larger dimensions, such, for instance, as the 
Caledonian Canal, which has in parts 122 feet upon the water-line, with a depth of 
20 feet. The Gloucester and Berkeley Canal has a water-line of 70 feet, and a depth 
of 18 feet. The Thames and Medway had a width of 50 feet hy a depth of 7 feet ; 
the TJlverstone, 65 feet by 15 feet ; the locks, of course, being in proportion to the 
size of the canals. 

In the United States, the same irregularity occurs iu the dimensions of canals as in 
our own country. Two extreme cases of ordinary works may be cited, in the Erie 
and the Morris canals. The first is 70 feet wide on the water-line by 7 feet deep ; 
the second is 32 feet wide by 4 feet. The lateral canal of the St. Lawrence is in some 
parts as much as 150 feet wide, and occasionally as much as 10 feet deep. All such 
ship canals are, however, executed in situations where an unlimited supply of water is 
to be found. 

15. The dimensions of the canal being once settled, it becomes necessai 7 to deter- 
mine the positions and dimensions of the reservoirs and feeders. The consumption of 
water arises from several causes ; some of which are regulated by the activity of the 
traffic, — some of them are independent of it. 

The causes of loss, independent of the navigation, are — ^firstly, the evaporation ; 
secondly, the filtration ; thirdly, the escape through the defective parts of locks or 
other works ; and fourthly, the loss occasioned by filling the whole canal after the 
waters have been let out for the purpose of repairs. 

The causes of consumption of water, dependent upon the navigation, are~the loss 
occasioned by lockage, and the quantities of water it is often necessary to bring down 
from the upper levels to compensate for the deficiencies caused by the too sudden 
affluence of lx)ats to the lower ones. 

16. The loss of water by evaporation is greater in proportion to the surface exposed, 
and the nature of the canal. It varies with every position, and, in the same country, 
with the seasons, according to the different hygrometric states of the air, the prevail- 
ing winds, and the extremes of heat or cold. The quantity of rain which falls upon, 
or may run into, the canal, mnst be deducted,— but these are very variable. In 
warm latitudes showers are rare, and although they are sometimes excessive, they are 
of little importance as far as they affect the supply of a canal, which requires, above 
all things, an uniformity of level upon its water-line. In the temperate latitudes of 
Europe, the mean fall of rain may he taken at 2 feet per annum, and the evaporation 
at from 4 to 5 feet, in districts through which canals usually pass. The daily loss 
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under siicli circumstances is, tLen, about from j\ to ^ of an incli per day, on the 
average. In tlie isummer, however, the evaporation is great without any com- 
pensation, and in such periods it maybe necessary even to calculate upon a loss of not 
less than 4 inches in the twenty-four hours. Allowances for the waste of water from 
this cause must he calculated, and also that upon the lochs, reservoirs, and feeders 
of canals. 

The loss from filtration must depend upon the nature of the strata traversed and 
of the materials used to form the bed of the canal. When these are homogeneous, 
the rate of filtration depends upon the surface wetted, the depth of the water, the 
extent of the permeable strata at the bottom, and upon their degree of saturation. 
The amount of loss from this cause usually varies from one-half to as much as twice 
that from evaporation. Instances have been known in which all the water of a canal 
has disappeared in twenty-four hours j in other cases the depth of water lost has been 
no less than 2 feet 8 inches in that time, even after the canal had been in use for 
fifteen years ; in others the navigation has been suspended for the greatest part of the 
year. When such serious losses do occur, the best remedy appears to be to line the 
bottom of the canal with a bed of concrete executed in hydraulic lime. Puddling is 
but an inferior substitute, for the clay of which it is mainly composed is liable to 
shrink and crack with great heats, and thus takes on itself the action it was intro- 
duced to remedy. On the Canal St. Quentin, where the filtration took place to such 
an extent as to render navigation impossible during eight months of the year, concrete 
was introduced in the manner shewn in the following sketches ; a small step being 
formed in the angle to prevent the clay lining from slipping. In ordinary cases an 
allowance for filtration of 2 inches per 24 hours may be considered as ample j but it 
must be observed, that the first time water is turned on, even upon a water-tight bed, 
the level will fall at least 4 inches in the 24 hours ; and this loss will he repeated 
every time the canal is laid dry for repairs. 

Fig. 1. Fig. 2. 



Canal St. Quentin. 

Loss from Lochs. 17. The defective execution of lock-gates gives rise to a very serious loss of water. 

Even w’hen they are new, the weight of water in the upper basin forces the water 
through the meetings of the heel and mitre posts. After some years’ wear this neces- 
sarily augments, and attains sometimes such importance as to give rise to a loss of 
, not less than 10,000 feet cube per 24 hours from one lock. In order to be sure of a 
constant supply of water, it is advisable to establish the reservoirs, with a view to 
prevent such a loss. 

Loss from clean- 18. The loss of water occasioned by the repairing and cleansing the beds of canals 
depends greatly upon the length of time during which they are left dry. Every 
reason, economical or sanitary, requires that this should he as short as possible ; for 
not only is the navigation suspended during these operations, hut also there are 
dangerous exhalations from the slimy bed, and at the same time the latter is exposed 
to crack, to shrink, and dry, in proportion to the time it is laid bare. Under the 
most favourable circumstances, as explained in the last paragraph, there must be a 
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great loss from the new fiitrations* A saving of water may sometimes he effected by 
cleansing one hay or hash at a time, working upwards; so that the immediate 
loss may nearly he confined to the contents of the longest hash, with the filtrations in 
addition. 

Ijoss byhoekage. 19. tChe loss occasioned hy the passage of boats through the locks must depend not 
only upon their number, hut upon their proximity to one another, and also upon 
the relative directions in which the navigation takes place. A tolerably accurate 
estimate may he formed upon the supposition that every passage through a look of 
the ordinary dimensions of large canals will require nearly 18,000 cubic feet of water. 
This quantity is far more than is absolutely necessary to restore the level in case 
of passage, hut there is always a waste from the defects of the gates or from careless- 
ness of the lock -men, which renders it advisable to count upon double the quantity 
absolutely required. 

When numerous boats remain in a canal, they give rise to a displacement of water 
which can only be compensated for by a supply from the upper levels. The quantity 
necessary to establish this compensation has been taken at x|th of that required for 
the passage of the locks. 

Reservoirs. 20. The dimensions of the reservoirs must be calculated so as to meet all the future 

possible requirements of the navigation. The upper basin, or summit-level, should 
itself he established in such a position as to act to a certain extent as a reservoir, and 
consequently occupy the lowest position in the mountain range. But there is often 
an inconvenience in deriving all the supply from one source, namely, that the water 
is likely to attain a velocity susceptible of injuring the works, or at any rate of 
retarding tlie navigation. Artificial reservoirs, wherever placed, present great advan- 
tages over the irregular supplies from springs or streams, as it is easy to regulate the 
How from them in such a manner as to maintain a constant level in the canal ; whereas 
streams furnish occasionally tea times as much as at others, and are often exposed 
to periods of perfect drought. 

The preceding calculations of the loss of water, &o., suppose that the Engineer 
has already traced out, proTOionally, the direction to be followed by the canal, so as 
to form an approximate estimate of the length and the number of locks to be 
constructed. Having also ascertained the probable supply of water, the definitive 
line must be chosen. In leaving the summit-level, the two descending branches 
follow the valleys of the water-courses w'hich determined the position of that point* 
If it be possible,, that side of the valley should be chosen which presents the fewest 
affluents and is the least intersected by common roads ; bearing always in' mind that 
circumstances may arise in which it is desirable to use the secondary streams as 
feeders for the canal. 

Becky soils are the most favourable for the foundations of locks, bridges, or such 
works; but they render the earthworks very expensive. If they be of a porous or 
fissured nature, they are likely to cause dangei'ous filtrations. Schistose rocks 
decompose under the combined actions of air, water, and frost ; and then they pass 
into a soft mud. If the soil be clayey, it will be sufficieatly solid for the foundations 
of the locks, and it will be well adapted to retain water, and easily excavated ; but if 
the beds be inclined, or if springs filter through at any iutermediate height, such clay 
soils are exposed to dangerous land-slips, certainly the most serious difflculty to be 
' met with in the execution of engineering works. .. 

Whenever it becomes necessary to pass from one side of a valley to another, the 
position must be chosen so that the passage be as short as possible, and that the 
land upon the banks of the canal present suffieieut solidity. The curves by which 
the junctions between the changes of direction of the course of a canal are effected 
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Position of Locks 
and Bridges. 


must be made as easy and of as large a radius as is convenient. They must at least 
be sucli as to allovr two boats to pass one another easily. 

In aU civilized countries many difficulties arise from the complicated relations of 
property, which render it impossible to carry out the works in the most desirable 
directions. Too much care and pains cannot, therefore, be bestowed upon the pre- 
liminary investigations of the country to be traversed. Maps must be made, indicating 
the boundaries of every parish and township, what coimties the canal is intended to 
traverse, the proper names of the owners and occupiers of the land. All the public 
and private roads, paths, or communications which exist in the direction to be 
followed ; all brooks or streams, and particularly such as lead to or supply a mill | 
the situation of any houses, villages, or towns, upon the line, and even within some 
miles of the intended canal, require to be carefully ascertained with the greatest 
accuracy. 

22. A complete plan of the line being made, indicating all the lateral cuts, 
branches, feeders, and reservoirs, the precise position of the locks, bridges, and 
culverts must be definitively arranged. Those of the locks will, to a certain extent, 
be regulated solely by the nature of the ground, and should be chosen at the bends in 
plan, or at the points where the natural level of the country changes rapidly ; and 
it is desirable that the positions of locks coincide with those of the bridges. In such 
cases there is a considerable saving of masonry effected by making the wing-walls 
of the locks serve as foundations for the abutments of the bridges. At the inter- 
mediate positions, bridges must be erected so as to cause as little derangement 
of the existing traffic as possible. The dimensions of culverts must be sufficient for 
the discharge of any floods likely to occur in the secondary valleys : at times they 
may be obviated by means of new channels opened to concentrate the flow of several 
small streams into one, situated in a more favourable position for the establishment of 
a new outfall. 

The proportions of locks per mile of canal is necessarily very variable. A table 
is subjoined of that which is found to exist upon some of the most important 
canals in our own country, in France, and in America. It is, however, only given as 
an approximation, and as a means of comparing the probable results to be obtained 


from any new work of the kind. There is one lock 
several canals as follows : 

, ENGLAND. , 

ia a distance varying upon the 

On the Eochdale . 

one lock in 

. O' 33 miles English. 

Mersey and Irwell 


. 0-60 „ 

Grrand Junction 

9 9 * 

• 0'66 „ 

Thames and Severn 


• 0-67 „ 

Kennet and Avon 


. 0-88 „ 

Forth and Clyde 


. 1'08 „ 

Birmingham and Liverpool „ 

. 1-08 „ 

Birmingham 

ff 

• i-io „ 

G-rand Trunk 

.,tr 

. 1'25 „ 

Leeds and Liverpool 

EBAXCE. 

. 1-48 ,, 

On the Canal du Nivemais, 

one lock in . 

. 0'66 miles English. 

,, de Bourgogne 

7 ) . . 

. 0-80 „ 

,, du Ehin 

77 ■■ 

. 0-87 „ 

„ du Centre 

77 

. 0-87 „ 
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On tlie Canal du Haut EHn one lock iE^ . . 0*93 miles English, 

„ de Berri ,, . . 1*28 „ 

„ de rule et Eance ,, . » 1*64 ,, 

„ duMidi „ . . 1*89 „ 

,, de St. Quentin ,, . . 2*12 ,, 

On the canal from the Ehone to the Ehine a lock occurs in every distance of 1*31 
of an English mile. 

In America, upon the Erie Canal, one lock occurs in every distance of 4 '36 miles ; 
on the Chesapeake Canal, one in a distance of 4*61 miles. 

23. Telford laid great stress upon the necessity which existed for a series of inves- 
tigations into the nature of the suhstrata and the heights to which land-springs might 
rise. He cautioned Engineers, very ijroperly, against a dangerous error that the 
latter may become available for the supply of the canal- It often happens, as he justly 
observes, tliat such springs, from having a variety of other vents or outlets at, or 
very near to, the same level, are incapable of being dammed or raised higher tlian 
they were before. When the canal is filled with water to a higher level, the 
course of such springs can be reversed, and the porous strata, through which they 
passed, may seive to absorb and discharge the water at other places to a very fatal 
extent. Land-springs, or such as run only in winter, have generally the same edect, 
and in summer as copiously take in water, when their own source fails, as they before 
discharged it. 

After all these preliminary investigations liave been made, it will be necessary to 
revise the whole jdans, in order to secure an eq.ualization between the cuttings and 
embankments ; to ascertain that the locks, bridges, and other works are placed in the 
most advantageous positions ; and that the curves as well as the general direction of 
the canal are of the most favourable nature. The preliminary estimates will have to 

be based upon the results of this last and definitive plan. 

Execxition of WqtIcs u’pm OamU, 

2L Earthvm'hs. — When the works are really to be commenced, the resident 
Engineer must proceed to trace accurately the levels of the different ponds or reaches 
of the canal, and to put in level-pegs, more or less, according as the ground is more 
or less undulating as he proceeds. In canal, as in railroad earthworks, the great 
object to be attained is, that the stuff dug from one part of the work shall, with the 
least labour or distance of moving, exactly supply or form the banks that are to be 
raised in another ; so that upon the completion of the works no spoil-banks, or heaps 
of useless soil, shall remain, or any ground be unnecessarily rendered unfit for culti- 
vation by the excavations or pits of the side-cuttings. Six different cases will be 
ound to occur in the cutting or forming of a canal, as in the accompanying sketches ; 
the main principles, to be observed in all, being to economize the removal and trans- 
port, to a distance, of material ; and in cases where deep cutting occurs, to make a 
berm which shall prevent the disintegrated portions of the rocks on the upper side 
from falling into the canal : any streams likely to fall into it from the upper lands 
must also he intercepted if they be likely to bring down any allutia! matters. 

The Engineer will find abundant instances of di^ams 4, 7, and 8, in all their 
degrees, and in which there will he either a want of stuff to form tlie banks, as in 7, 
or a redundancy from the^deeper cutting, as in 4 ; and the perfection of his skill will 
be shewn in so conducting the line that every embankment (as at 7) shall have doci> 
cutting at both, or, at least, one of its ends, to furnish the extra slulf with the least 
expense in moving it. In like manner, every deep cutting (as at 4) should have 
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embankments at one or botli of its ends, to receive tke extra stuff. In practice, an 
infinite variety of suck cases -will occur, rendering necessary great skill on tke part of 


Eig. 3. Pig. 4. 

LEVEL CUTTING nPFP cutting 



Pig. 7- ■ ^ 8- 


tke Engineer in laying out tke line so as to balance tke amounts of kis earthwork, 
and to avoid inconvenient sharp curves, suck as Telford so strongly censures, in many 
English canals. 

The first operation in staking-out the ground will consist in tracing tke outside line 
to be foEowed by tke cutting or embankment when completed ; and subsequently in 
staking-out tke centre line. The positions of tke different works to be erected must 
then be indicated, and provision made to secure, in one case the earth necessary to 
back up the bridges or locks, and, in the other, to widen out the banks when it be- 
comes necessary to erect a toll-house, warehouse, or other building. 

""in narrow canals, or branches of that description, wider places must be provided at 
intervals, to allow tke barges to turn and to lie in whUst others pass them. These 
must be so situated that bargemen can mutually see each other approaching, and be 
able to pass one another without being obliged to drag their boats back again to a 
passing-place. At tke same time they should be chosen in such low positions as will 
admit of widening tke canal without muck extra expense. 

When tke line Js staked-out, the foundations of the locks and bridges should be 
immediately put in ; the several drains and culverts executed as rapidly as is con- 
sistent ; any water-pipes for the supply of neighbouring properties, laid down at suck 
depths as to preclude any possibility of their injuriously acting upon the canal. The 
vegetable soil should also he carefully removed from the whole surface of the ground. 

25. Telford, and perhaps tke bulk of our Engineers at the present day, attacked 
very great importance to tke study of tke means of rendering canals impermeable by 
means of puddle; and they consequently devoted muck attention to ascertaining 
whether materials fit for tke purpose were to he obtained easily. The introduction 
of the use of concrete made of hydraulic lime has simplified the question in many 
cases; for its 'expense, although considerably greater in tke first instance, is more 
than compensaled for by tke economy it introduces by effectually stopping filtrations. 
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The eyentual saving, in conntries at least wliere lime is at a reasonable price (every 
lime being siisceptible of becoming hydraulic to any required degree of energy), is, 
however, decisive upon the question. Yet in countries like Holland, and in some of 
our own Colonies, the use of puddle may still be necessary. Puddle consists of clay 
reduced to a semi-fluid state by working and chopping it about with a spade, while 
water just in the proper quantity is added, to render the mass homogeneous, and so 
much condensed that water cannot afterwards pass through it, or only so pass very 
slowly. The best puddling stuff is rather a lightish loam, with a mixture of coarse 
sand or fine gravel in it : very strong clay is unfit for the purpose, on account of the 
great quantity of water it will hold, and its disposition to shrink and crack as this 
escapes. Vegetable mould or top-soil is very improper, on account of the roots and 
other matters liable to decay and leave cavities in it, but more on account of the 
temptation that these afford to worms and moles to work into it in search of their food. 
Where puddling stuff is not to be met with containing a due mixture of sharp sand or 
rough small gravel stones, it is not unusual to procure such to mix with the loam to 
prevent moles and rats from working in it j but no stones larger than about the size 
of musket-balls ought to be admitted. Telford states that the operation of chopping 
\ip and beating the puddle consolidates it to such an extent, that it only occupies two- 
thirds of its original bulk ; and that the commonly received opinion in his day, 
that the first coat should be allowed to dry before the second and succeeding ones 
were applied, was not founded upon any i-ational grounds. "Whatever he the expense 
of rendering canals impermeable, it is nevertheless so evidently the interest of all 
parties connected with them, either as shareholders or neighbours, that they be ren- 
dered so, that it is to be desired some stringent legislative enactments were enforced to 
insure their fulfilling the above condition. 

England and in the United States the execution of large public works is 
exewitionor^ generally carried out by contractors, who undertake the whole or portions of the 

vorks. work. In Franco and Germany, however, and doubtlessly in onr own East Indian 

and other Colonies, that useful class can hardly be said to exist ; at any rate, it is 
very difficult to find contractors possessing the capital and skill required to carry on 
works according to English practice. Under these circumstances, the Engineer is forced 
to treat, as it were, directly with the sub-contractors or piece-workmen, or even to ' 
have some works executed by day-labourers. His duties in this case become compli- 
cated by the financial parts of tho execution, and require great knowledge hoth of the 
manners and mode of treating workmen, and also of the amount of work they ought 
to do. Under any circumstances, and even when a contractor is employed, it is 
desii’able that careful observations should be made upon the number of men em- 
ployed, and upon the mode of carrying on the works. Too strict a superintendence 
of the different operations is impossible ; and the system of leaving the contractor 
almost master, so to speak, which is the unfortunate tendency of our actual method, 
should be carefully guarded against. In letting earthworks, all banws, wheeling- 
planks, horsing-blocks, and other implements, ax’6 generally found by the Company . 
Formerly, in England, a stage of wheeling was considered to be from 20 to 25 yards 
in length, and the price per cubic yard was fixed in proportion to the number of 
stages the soil was to be moved. The French Engineers reckon the stage at 33 yards 
upon the level, and at 22 yards when upon an incline of 1 in 10. Where the distance 
to be traversed exceeds 100 yards, horses may be economically employed. Upon 
railways, it may be added, the use of a locomotive is preferable if the lead be above 
l~mile. 

Consol klatif. 11 of "When the canal is to be carried upon an embankment, it is necessary that the 

Embankments, earth be well consolidated before it is attempted to turn In the waters. The French 














4- A 


EIVEE AND INLAND NAVIGATION 


Bottom or Bed 
of Canal. 


Engineers insist that all snch works he executed in layers of not more than 6 inches 
in thickness, and that each course be well rammed, after being previ^psly watered 
with lime-water. 

28. If the bottom of the canal be puddled, it must be executed in several courses, 
under the most careful and incessant superintendence. The courses should never 
exceed from 10 to 12 inches in thickness ; and when the whole is completed, the 
puddling must be brought to a total thickness of 3 feet. When the top course is 
set, a layer 18 inches or 2 feet thick of the common soil or stuff should be laid even! 
upon it, and the bottom levelled : this covering of the bottom should be rather dry, 
and not in large lumps, or with great stones or sticks in it. The sides are not usually 
puddled to so great a thickness as the bottom : 18 inches is the ordinary thickness, 
which is again covered over with the common soil to prevent the slipping of the 
puddle ; and it may be here repeated, that when the extra depth of excavation re- 
quired for the puddling, and the amount of labour involved in its execution, besides 
the very doubtful nature of the results attained, are taken into account, the advan- 
tages of employing it instead of a good hydraulic concrete, are more than questionable. 
The solution of this question is, however, one which must entirely depend upon local 
considerations, and therefore admits of no absolute decision {^ pHon. 

Whatever be the means adopted to insure the impermeability of the bed of the 
canal, the attainment of that state must be a sme qu& non for its economical 
working. All authors upon the subject, all tbe experience of tbe most scientific 
Engineers, are in accord in this respect. Telford repeats, again and again, his cautions 
nponthe necessity of its being executed in the most perfect manner, and also upon 
that of preventing any springs from rising up through the bottom. 

The management of spoil-hanks (or the deposits of earth extracted from the 
cuttings in excess of the embankments), and of the side-cuttings (or excavations to 
furnish earth when the cuttings are not sufficient in quantity, or would require too 
heavy an expense of transport), is precisely the same with canals as it is with common 
roads or railroads. The mounds produced by the former should not be formed until 
the vegetable soil has been removed from the position they are to occupy ; when 
.dressed off, the same soil shonld be spread over tbe top, to encourage the growth of 
vegetation. 

Worh of Art upon Canals. 

29, Jieservoirs , — ^Eeservoirs ought to be entirely distinct from the navigable parts of 
the canal, in whatever position they may be placed in reference to tbe summit-level. 


Marsden Reservoir, Huddersfield Canal. 


It frequently happens that it is necessary to lay dry the whole length of the canal, 
and under sudh. circumstances there would be an evident advantage in isolating the 
reservoirs. If any natural ponds are to be met with, they should be made use of ; 
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Position of ' 
Reservoirs. 



Fig. 13. 



SO. Whea reservoirs are not formed by mean| of natural ponds, they are placed in 
valleys, tbe beads ofwbicb are dammed across so as to retain all tbe waters wMcb 
may fall upon tbe upper country. It may happen that a considerable supply of water 
is to be derived from a parallel secondary valley, by carrying the stream through the 
separating ridge in a tunnel. In the main valley, the position of the dam must he 
chosen at the point where the valley is the narrowest, or where the strata on which 
it is to be constructed are such as to be able to resist the tendency to crush, or to 
slip, caused by such enormous insistent weights. 

The conditions necessary to be observed in the construction of reservoirs, as far as 
regards the (quantity of supply, have been already discussed. The water they furnish 
must be at all times available for refilling the canal, and must also be so free from 
alluvial matters, so devoid of velocity, as not to be likely to injure the banks or 
to choke up the canal. There must he provided, then, in every reservoir : 1st, A 
dam to close the head of the valley, in which means to let off the water, and to 
regulate its flow, must be provided. A parapet, varying in height according to the 
surface of the basin and the prevailing winds, must also be provided. 2ndly, A waste 
weir, or overflow, to carry off any surplus water which may enter the reservoirs. 
Srdly, An aqueduct at the bottom, through which any muddy water may escape, or by 
means of which the reservoir-may be emptied in case any repairs are required, 4thly, 
A temporary basin in which the mountain streams may deposit the mud and gravel 
they bring down, 

SI. Bams of reservoirs may be executed in various manners, either of earthwork, 
lined with puddle, and consolidated on one or both sides by a paving of dry stone 
pitching ; or by an embankment faced on both sides by walls * or finally by a wall. 
They are sometimes executed of a curvilinear form in plan, presenting their convex 
side towards the interior. Reservoirs have been executed in England and France 
with dams of not less than from 40 to 70 feet in height, which have stood very well. 
Some of the dams executed by the Moors in Spain are of more extraordinary dimen- 
sions still : the dam of the Fountain Reservoir of the Croton Aqueduct at New York, 
which covers a surface of 400 acres, is not less than 38 feet in height, and on the 
Rideau Canal there is one 60 feet high.* 

When the dams of reservoirs are executed with an embankment between two or 
more walls, there is great danger to be apprehended from the swelling of the earth 
upon its imbibing water. The thickness of the walls has to be so much augmented 
to resist this action, that there does not appear to be any real economy in the mixed 
system. Under usual circumstances, it appears preferable to form the dam entirely 



* See vo3», % and iV, of Frofessional Papers of the Corps of the Royal Eogineors. 
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in masonry, especially wlien good hydraulic lime is easily obtained. The dam should 
be made of middling-sized materials, and a coat of hydraulic concrete interposed 
between it and the water. 


Fig. 14. 



Whatever be the mode of constructing the embankments and dams of the reservoir 
chosen, it is an indispensable condition that the soil upon which it is to be built 
be of a nature not to allow of unequal settlements, and that it do not permit the 
passage of water. To secure these conditions it has often been necessary to carry 
down the foundations to such a depth as to require as much masonry below as above 
the natural level of the ground ; in some cases as far as 50 feet. 

Telford recommends, that if the strata upon which the reservoir is to be formed 
should be of a porous nature, such as to allow of the infiltration of the water, the 
whole of the bottom of the valley should also be puddle-lined. The face of the dam 
must also in such a case be puddled towards the water, and it is even advisable to 
make an extra puddle-ditch in the centre, to guard against any accidental slip of the 
face lining. There are few operations in canal-making of more importance than those 
necessary to economise water in reservoirs, and the enormous expense entailed by the 
above-named precautions, to insure their impermeability, will shew the necessity for 
extreme caution in the choice of their positions, as well as for an intimate knowledge 
of Geology. 

In executing the dams, trenches should be dug in the foundations, so as to break 
their horizontal line into a series of steps. Such a course offers a greater resistance 
to the lateral thrust of the water, and renders the dam less liable to slip. Of course 
the same precaution must be taken for the sides. Another advantage in these step.s 
is, that they break the direction of any stream which may filter through the bank, 
and facilitate the deposition of any earthy matter carried by the water, causing the 
crack * to take up,’ to use the workman’s phrase. 

* If the dam be executed in earthwork, it should he made from 13 to 16 feet wide 
at top, with slopes varying from 1-J to 24 base to 1 in height. The best mode of 
making such dams appears to be to employ clay mixed with a certain proportion of 
sand; this should he watered at every course with a little lime-water, and well 
rammed, taking care to leave certain asperities, or toothings, upon the face of the 
different layers, to prevent the upper ones from sliding upon those beneath them. It 
is also necessary to follow on the work rapidly, to prevent the lower courses from drying 
before the upper ones are added. 

Beservoirs, if enclosed by a dam ' of masonry, require precisely analogous pre- 
cautions; the filtrations must be prevented as far as possible by stepping the founda- 
tions ; and care must be taken to break the horizontality of the beds. If the length 
of the dam be considerable, it will be necessary to introduce many counterforts ; 
not so much for the purpose of saving masonry in the dam itself, as to resist the 
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tendency of long bodies of walling to assume a catenary form under constant and 
heavy pressure. 

The size of the reservoirs of the more important canals is such that they become, 
in fact, lakes of still water ; and as their positions are often of a nature to expose them 
to the violent action of the prevailing winds of the mountain gorges, it is necessary to 
carry the dam about 5 feet above the water-level, to prevent the weaves from washing 
the upper portions of the enclosure. Precautions must be taken, in tbe event of the 
waters overflowing the crown of the dam, to prevent injury to the structure. An 
accident of this nature took place during the execution of the works for the Croton 
Aqueduct, when the floods, rising over the dam in an extraordinary manner, carried 
away in a few hours the whole structure, and spread death, ruin, and desolation 
throughout the course of the stream. 

Thickness of 32. From the movements remarked in the masonry of some dams, it would appear 
Walls, necessary to give the walls double the thickness required by tbe strict applica- 

tion of theoretical rules. Indeed, in such works the tendency to slip upon the bed 
complicates tbe conditions of equilibrium to a serious extent ; it is, in fact, greater 
than the tendency to turn over on the extreme edge. Representing the height of the 
water by the thicknesses which appear to be the most advisable to give to tbe 
dams of masonry at the following points in their height, are, a? being the tbickiiess 
sought : 

, At the top, a; = /i x 0*30 

In the middle, x h x 0*50 

At the bottom, .-r = X 0 '70 ^ ^ 

Such tbicknesses are, perhaps, rather in excess; but the terrible consequences 
arising from the bursting of a dam, and the more perfect impermeability of a large 
mass of masonry, should rather induce a preference in this direction. 

The importance of reservoirs to the regular working of canals may be judged of by 
the colossal constructions executed, in dry warm climates especially, to insure their 
constant supply. 

The Birmingham Canal has a reservoir of 80 acres surface, with a depth of 45 
eet at the head of tbe retaining bank. That of the Union Canal of Pennsylvania is 
not less than 730 acres superficial, by an extreme depth of 40 feet, and it holds 
572,509,000 cubic feet of water. 

The principal reservoirs in France are specified in the following Table, with their 
height of water, capacity, &c. 


Canal. 

Reservoir. 

Nature of dam. 

Heiglit of 
water. 

Capacity. 

Du Midi 

De Bourgogne 

if 

Nantes ^ Brest 
Du Centre 

Bu Briare 

St. Fdriol 
Uros Bois 
Cercey 
Vioreau 
Torcy " 
Chrande Rue i 

Earth and wall 
Wall 

Earth 

Wall 

Earth, lined 
Earth 

105 ft. 0 in. 
69 ,, 6 ,, 

33 ,, 0 ,, 
S6„ 3„ 
26 ,, 6 „ 

223, 090,000 cubic ft. 

300.510.000 „ 

130.900.000 „ 

262.395.000 „ 

83,300,000 „■ 

189,000,000 „ 


The reservoirs of the English canals are rarely of such colossal dimensions as those 
of France ; but the new waterworks reservoirs of some of our northern cities and of 
our colonies may be compared with them. Tbe capacities of a few of these structures 
are subjoined : 

Canal and Reservoir. Capacity. 

Manchester and Macclesfield . . 291,915,669 cubic feet. 

Turton and Ekitwystle . . . . 100,000,000 „ 
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Belmont , , . , . . 75,000,000 cubic feet. 

Mancbester Waterworks . . . . 584,866,710 ,, 

Liverpool, Rivington Pike . . . 506,581,059 ,, 

Tan Yan, Victoria (in round numbers) . 1, 000,000,000 ,, 

Distribution ^ 33. For tbe service of tbe canal, the water is usually drawn from tbe reservoirs by 

from Reservoirs, means of a series of sluice-gates, placed at different levels to draw off the water in 
suck a manner as to prevent its acquiring any velocity from tbe bead above it. In 
some reservoirs tbe sluices are replaced by large cocks, so constructed as to be worked 
by screws ; but whatever means may be adopted for distributing tbe water, it is 
necessary that tbe flow be kept under tbe most accurate and instantaneous control. 
Occasional very frequently occurs that springs, streams, or rivers, in tbe course of a 

Resources. canal, may be advantageously substituted as a source of supply for the more expensive 

( means furnisbed by reservoirs. THs method is more commonly employed in tbe 
^ United States, where the greater portion of tbe canals are replenisbed by feeders 

f from such accidental sources. In Belgium and Flanders it frequently happens that 

a set of locks occurs in such immediate proximity to one another, that there is 
advantage in returning tbe water, passed through the locks, to the upper level, by 
j means of steam or water power. Local considerations must, however, decide the 

question as to what system should be adopted in every particular case. 

35. When, therefore, feeders from side-streams are to be made use of, their beds 
should firstly be rendered as impermeable as possible ; the new course of the feeder 
should he made as direct, and the fall he as small, as may be required to conduct tbe 
water with an uniform velocity suitable for the purposes of the canal. As with the 
streams directed into reservoirs, care must he taken to prevent them from carrying 
. any impxu’ities likely to obstruct the bed of tbe canal. The use of streams for mill- 

power renders their application for the supply of canals often extremely difficult. In 
; certain positions springs form the most economical means for meeting the losses of 

the navigation. In low alluvial plains, situated in large basins of the older and more 
impervious strata, and in some portion of the rocky districts through which the 
summit-level is carried, it is very common to meet with springs of great abundance. 
In the former case their overflowings may be advantageously employed in the lower 
; levels of the canal : in the latter it may often admit of deliberation whether it would 

not be more economical to execute the summit-level in tunnel, so as to be able to 
meet and employ the springs which so frequently occur in the interior of the hills to 
be traversed. Such questions again require an intimate knowledge of Geology. 

In some cases the depth of the summit-level pond has been increased for the 
purpose of making it serve as a reservoir. But Telford justly objects to this course, 
j on the ground, that inasmuch as the level of the lock-sills must be established with 

I reference to the lowest state of the water, every time a lock is filled it causes a waste ; 

^ and it therefore appears desirable to make the bottom level of the reservoir at such a 

height above that of the canal as to allow of its waters flowing eamly into it when- 
ever a deficiency is felt from any cause whatever. 

The section and the fall to be given to a feeder must be calculated upon the 
formulse which regulate the calculations upon the flow of running water. In practice, 
however, it is usual to maintain the fall between the limits of from 1 to 5 in 10,000, 
unless the peculiar position .of the streams wbich supply the feeders be such as to 
require an increase of velocity 5 and it is obvious that in order to furnish equal 
quantities, a slight fall requires a larger section, and is objectionable, because it is 
more exposed to evaporation and to filtrations. A sharp fall gives too great a velocity 
; to the stream ; it is likely to injure the banks, and especially to carry down troubled 

waters into the basins. 
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36. If tlie feeders are intended to be used for tbe purposes of navigation, a con- 
dition wMch often arises in France and America especially, tlieir dimensions must be 
regulated vritli reference to tbe boats they are to receive. Tbeir fall must, however, 
not be more than is necessary to give tbe waters a velocity not exceeding 12. to 14 

inches per second. _ 

The same precautions alluded to for reservoirs require to be taken witb tbe feeders, 
in order to prevent tbeir supply exceeding tbe wants of tbe canal. Waste- weirs and 
regulating-sluices must be formed to control tbe bow j and if tbe feeders be upon a 
Mil-side, catcb-water drains must be formed, so as to allow tbe mountain streams to 
deposit tbe mud they bold in suspension before flowing over into tbe feeders. It is 
also recommended to form settling reservoirs from distance to distance in tbe bed of 
the feeder itself. 

Bed of the Canctl. 

37. The longitudinal section of the different portions of a canal should be made 
witb a gentle fall, to allow tbe water to flow with sufficient freedom to compensate for 
the loss occasioned by passing boats through tbe locks, or in case it be advisable to 
leave the bed dry. On some parts of tbe Erie Canal a fall of 1 inch in a mile was 
given, whilst in others it was reduced to one-balf that inclination : the consequence 
was, that great vigilance was required to maintain the level of the water when tbe 
navigation was active, 

Dubuat’s formula for ascertaining tbe proportions of the section of a canal, 
, in which E. = the resistance in a canal ; r = the resistance in any 

•, s. ■■■ ■■ ■ . ■ 


Towing-jjatbs^ 


undefinecV fluid; Sand S', tbe transverse sections of tbe canal and of tbe boat, — 
would require, supposing E and t to be equal, tbat S were six times S'. In practice 
it is, however, usual to make tbe bottom, or floor-line, of a canal twice tbe width of 
the boats it is intended to carry, witb an allowance of from 6 to 8 inches play on 
both sides, Tbe lowest basins, or any intermediate ones where boats are likely to be 
stationed, require to be widened out according to tbe nature of tbe traffic. Sometimes 
in expensive rock-cutting, or in tunnels, the canal is only made wide enough for the 
passage of one boat at a time ; in such cases the canal must be widened out imme- 
diately before arriving at the narrow part. Such extra width must also be given at 
any sharp curve or sudden change in tbe direction. 

The depth of water must be from 1 foot to 18 inches more than that of the 
deepest laden barges ; because, firstly, the bottom is liable to silt up, and secondly, 
numerous aquatic plants quickly take root. Such extra depth is also necessary for 

the compensation required by the lockage of the boats. 

The sides of a canal, partly from the shape of the boats, and partly from the nature 
of the materials of which the banks are formed, have an inclination which may vary 
from 1*5 to 3 in 1. At the water-line it has been found necessary to make a species 
of banquette, to break the force of the waves or the shock of the boats, upon the 
edge of the towing-path. Such banquettes are planted with aquatic plants (the iris, 
reeds, &c.), to increase their retarding action upon the waves. Another method^ of 
guarding the towing-paths is to line the sides with stone pitching : on one occasion 
cast-iron plates were employed for this purpose. 

38. Towing-paths should be kept much as before explained ; and if the hauling be 
done by men, the width need not exceed from 4 to 6 feet. When horses are used, it 
should be friim 12 to 16 feet wide : the latter dimension is the one adopted on the 
United States^ caaials. 
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Occasionally tlie action of the winds may be suck as to render it necessary to tow 
from botk sides, to prevent tke boat from 'bugging’ one bank. In such cases a 
double towing-path is required, of the same dimension as the normal one. At all 
times, however, it is advisable to construct a narrow footpath on the opposite side, 
varying from 4 to 6 feet in width. Should there be any excess of earth from cuttings 
or excavations, it should be employed iix widening out the above paths. The towing- 
path itself should be made with nearly the same perfection as a carriage-road j and 
incases where fly-boats travelling at great speeds are used, the maintenance of these 
paths becomes a matter of serious expense. When the towing-paths are in deep 
cuttings, a side ditch must be formed to carry off the rain-water. In embankment, 
its form and the slope to be given to its external edge must depend upon the materials 
employed. [ 

Tmnels. 

39. When the cutting required to maintain the level of a canal would become too 
expensive from the mass of earth to be removed, or when there is a probability of 
meeting copious soui'ces of water in the interior of a hEl, tunnelling should be adopted. 
On some occasions Engineers have preferred to diminish the width of the cutting to 
merely that required for the passage of a single boat, rather than to execute a tunnel ; 
but local circumstances modify all these questions to such an extent that it is impos- 
sible to lay down any invariable rule. Usually, however, if the depth of the cutting 
be above 50 feet, especially if it be long, there is economy in adopting a txmnel in 
preference to an open cutting. 

The economy of executing a deep cutting for the passage of only one boat is, com- 
paratively speaking, insignificant ; for the bulk of the earth removed in such cases is 
that required to throw out the slopes. The quantity saved is, in fact, only that 
occupied by the diminished width multiplied by the depth. With a tunnel, however, 
the expense is diminished in a much more important proportion, for it is relative to 
the area. The larger a tunnel is, the more difficult are the excavations j the more 
necessary is it to line throughout, and the more expensive is such lining. At the 
same time it must be observed, that in addition to the time lost by the boats waiting 
their turn at either end, small tunnels offer serious impediments to the navigation on 
account of the resistance of the air and the water. 

Whether the tunnel be executed for one or two boats at a time, it is usual to give 
about 2 feet play on each side. On the Canal St. Quentin there are two tow'ing-patbs 
4 feet wide ; but it is preferable to make only one of double that width. In the 
tunnel exeeuted for the Thames and Medway Canal, and in the Harecastle Tunnel, 
there is only one towing-path, but of rather smaller dimensions than is desirable. 
Generally speaking, the boats are drawn through tunnels by men, although horses are 
occasionally used, in which case the towing-path must be made wider, and a parapet 
formed. In some tunnels executed by Brindley it is necessary to pass the boats by 
* loggers,’ a class of men who propel them by pushing against the tops and sides of the 
roof with their feet, whilst lying upon their backs. In other tunnels the bargeman 
draws the boat himself by means of a tow-rope fastened to the opposite end ; in others, 
again, there are machines fixed at the ends to haul the boats through. * 

The height given to tunnels, where boats without masts have to pass, varies from 
11 to 16 feet from the top of the water to the intrados of the vault. On the canal 
from the Chesapeake to the Ohio the height was made 17 feet 3 inches, to allow the 

passage of the sloops and river-craft. 

The forms given to tunnels are very various, being either circular, elliptical, or in 
the shape of a Gothic arch. Sometimes the sides are inclined towards the top, acd 
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The form of the sides depends upon the dip of the strata to he traversed, and It is 
nsual to make them portions of circles of great radius. The bottom should bean 
inverted arch. 

The thickness of the masonry must depend upon the nature of the strata and their 
permeability to water, as well as upon the materials employed in the construction. 
Experience appears to indicate 3 ft. 4 ins. to 3 ft. 6 ins. as the extreme thickness 
requisite in the worst ground and for’ large canal-tunnels ; 2 ft. 6 ins, is the limit 
for smaller ones. The sitfe should he made from 6 to 12 inches tliicker than the 
roof. 

The cost and time employed upon sundry tunnels in England, France, and America, 
are stated, in round numbers, in the following Table. 


Name. ■ ' 

Canal. 

Soil. 

Length. 

TOth, &c. 

Time. 

Cost per yrd. 







£ 

s. 

d. 

Blisworth . 

Grand J unction 

Blue clay 

3080 yds. 



17 

13 

0 

Foulridge 

( Leeds and ) 

( Liverpool ) 

Partly ) 
quicksand ] 

1630 „ 

17 ft. X 18 ft. 


24 

0 

0 

Thames k } 
Medway ( 

same name 

Chalk 

4| miles 

22' 6"x39'8" 

3 yrs. 

32 

0 

0 

Kilsby . , 1 

Lond".&Bir»b > 
Railway y 

Earth, sand, ) 
water J 

2398 yds. 

... 


120 

0 

0 

Harecastle . 

Tetney Haven 

Clay 

2926 „ 

14 ft. X 18 ft. 

2 „ 

40 

0 

0 

St. Aignan . 

On^ des Ardennes 

Blue lias 

300 „ 

19 ft. X 26 ft. 


42 

0 

0 

Pouilly , 

,, de Bourgogne 

Schistose marl 

3610 „ 

20 ft. X 26 ft. 


86 

0 

0 

Oomptich . . 


1010 „ 

14£t. xlSft. 

36 

0 

0 

Oharleroy 


... ... 

1400 „ 

14 ft, X 18 ft. 

... 

52 

0 

0 

Tunnel on canal from Chesapeake ) 
to the Ohio. V 

7330 „ 


... 

116 

0 

0 


An important observation to be made with respect to tunnels is, that it is preferable 
to lengthen the tunnel itself, rather than to have a deep long cutting before entering 
it. The bottom of a valley is usually ill adapted for the commencement of such 
works, because in such positions it is difficult to keep out the waters of the valley, or 
to get rid of the land-springs during the construction of the tunnel. 

It may he also stated, that in the piercing of tunnels, whenever tbe length 
exceeds from 200 to 300 yards, there is an advantage in working from wells, instead 
of from the ends only. Such wells or shafts are placed from 40 to 100 yards apart? 
or even at greater distances, depending upon the rapidity with which it is desired to 
push the works, and the nature of the strata traversed. 

. ' , hocks, 

40. A lock, or pound, is constructed upon a canal for the purpose of connecting 
two portions which are upon different levels ; and in the part called the lock-chamber 
the water can be made to coincide with the level of that in either the upper or lower 
portions of the canal. This is effected by means of two pairs of doors, or gates, one 
at each end of the lock-chamber ; in which gates, or through the side- walls of the 
chamber, small sluices or paddles are provided, by which water can be let from the 
higher portion to fill the chamber to'the upper level when the lower gates are shut close, 
or to empty the same to the lower level when the upper gates are closed. It is thus 
that, supposing the lock-ohamher to be at the lower level, a vessel arriving upon the 
lower portion of the canal enters the chamber, and tbe lower gates are shut after it. 
The water is then drawm from the upper level by means of the sluices or gates until 










810 BIVER AND INLAND NAVIGATION. 

itstands at tlie same height in the chamber as in the upper level ; the gates are then 
easily opened, and the boat passes into the second portion of the canal. When a 
boat has to pass from an upper to a lower level, the mode of proceeding is the reverse : 
the gates are shut upon it, and the water is allowed to run from the upper to the 
lower level. These operations are called ‘ locking up ’ and locking down.’ 

One advantage in uniting several locks in the same locality, so as to facilitate 
repairs and to concentrate the superintendence, has been already explained. Another 
reason for such sudden changes in the level of a canal will often be found in the 
economy they admit in the execution of the earthworks, as by these means either 
deep cuttings or heavy embankments are fre<iuently avoided. There are, ^ how- 
ever, certain inconveniences attending the grouping together of the locks in this 
manner. Firstly, the pressure upon the floor of the lowest chamber becomes dan* 
gerously augmented ; the tendency to filtration, and to produce upward move- 
ments of the fioor, is also increased by the same cause. Secondly, such concentrated 
falls consume more water than would be required if the space between each lock 
were of the average dimensions. But the saving in superintendence, and the eventual 
economy of . time in the passage of the boats, more than outweigh the importance of 
these objections, especially in such positions as enable the Engineer to command much 
water, or where the natural form of the ground is very abrupt, 

Pall 41. The number of locks required to compensate any given difference of level must 

of course depend upon the fall given to each of them. As a general rule, the falls 
should be made equal, in order to economize water in the passage of boats. At the 
summit-level, however, there may occasionally be an advantage in making the fall 
rather less than in the lower parts of the canal, where water is more abundant. Oreat 

falls procure economy of time in the passage, and diminish the number of locks to be 

constructed, and are worked' by fewer men. They require, nevertheless, greater 
strength of construction, and often entail the necessity of extensive earthworks. 

General usage confines the falls of locks between the limits of from 5 to 10 feet for 
canalshaving 6 feet deep water : 8 feet to 8 ft. 6 ins. are the usual heights given. 
Such a lock would require as long a time to pass as a boat would occupy in traversing 

a distance of one-third of a mile on the ordinary parts of the canal. 


Pig. 21. 



42. The parts of a lock may be considered as being, firstly, the upper chamber, or 
head, with its gates, and the breast-wall ; Sndly, the intermediate lock-chamber, 
between the breast-wall and the extreme point of the projection of the lower gates ; 
and Srdly, of the lower chamber. 

43. On many canals the form of the lock-chambers is made such as to give the side- 
walls a concave direction towards the water, with the intention of opposing a greater 
resistance to the pressure of the earth. There does not appear to be anything really 
gained by this course, becanse, even supposing the walls do resist the thrust of the 
embankment more effectually in this shape with the same quantity of masonry, 


Parts of Locks. 


Ponn. 
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Loc1s:s on tlio CrojKat Canal, 


locks so constructed ■waste more 
water; and moreover the extra 
thickness required to he given to 
the floor on account of the in- 
creased span nearly equals the 
saving in the walls. The best 
modern canals are made with 
locks of a rectilinear form, similar 
to those indicated in the above 
sketches. Sometimes the sides 
have been executed in slope, hut 
the loss of water at every passage 
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is enormous, and the prolongation of the wing walls of both the upper and the 
lower chambers is often more than enough to compensate for the small saving of the 
side-walls, especially when the danger of flltrations is taken into account. From these 
considerations it has become the practice to make the side-walls vertical 
44. In Holland and in the United States, lock-chambers have been frequently 
executed in w^ond, on account of the high price of masonij. But such w^orks have a 
very limited duration, and are hardly ever water-tight. In our own Colonies it may 
sometimes be advisable to adopt the same method, from motives of economy ; but it 
must only be considered as a temporary suMitute for a better material. Details of 
some American wooden locks are subjoined. 

The top of the side-walla of locks should be kept 2 feet above the maximum 
water-line. 


Wood Locks, 
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45 To allow means of repairing the works of locks, it is nsnal to form grooves m 
both the tipper and lower chambers to receive a dam to be throvm across temporarily. 
Such grooves are made about 8 inches by 8 inches, and of the whole height of the 
side-waUs; they are usually placed from 2 to 4 feet from the returmng of the side- 
walls. A reveal is to be formed to receive each leaf of the gates, about 4 inches 
deeper than their thickness, and 6 inches longer than the leaves themselves. In 
order to protect the gates when shut back into these reveals, the side-walls must be 
carried from 6 to 7 feet beyond them on the upper side ; and on the lower the M- 
waU should be prolonged according to the width of the opemng. Thus for a 16-feet 
look, it should be prolonged 12 feet; for an 18-feet lock, 14 feet; for a 20-feet 

lock, 16 feet, and SO on. , , 

46. In calculating tke tMckness to be given to tbe side-walls, tbe backing must be 
regarded as a semi-fluid denser than water, and tbe mass of tbe walls must be suffi- 
cient to resist its momentum. Some Engineers make them eqLual in tbickness to 
half tbe beigbt ; but tbe usual practice varies between 0*28 to 0*50 of that dimension. 
It would appear that 0*40 is tbe most rational. It is advisable to strengthen tbe 
walls below tbe tail-gates ; and when a lock is joined to a dam, as in river naviga- 
tion, tbe end-wad to tbe stream must also be strengthened, in order to resist tbe 
weight of water and to prevent filtrations. 

Tbe floor of a lock is usually executed with an invert, to resist tbe upward thrust 
of tbe filtrations from tbe upper level of the canal. It is usual to calculate its thick- 
ness upon the supposition that it would be exposed to an effort equal to that produced 




I 




Wood floor of old Lock on tbe Crozat Canal. 

by a bead of water equal to the total depth of tbe lock. The usual tbickness given 
to the floor of a id-feet wide lock is 2 feet 8 inches ; that for a 20-feet wide lock is 
8 feet 4 inches: But whatever tMckness be given, precautions must be taken to 
prevent filtrations from the upper level, by either driving a row of close piling, or by 
stepping tbe foundations below the level of tbe ordinary parts of tbe chambers, so as 
to break tbe tbread of any stream which might work through, 

47. Tbe sills are laid with a sally to tbe upper level of from |tb to Jrd of tbe width 
of tbe opening. The most ancient locks were all made with sallies of |rd to Jtbj 


1 



Breast-wall. 


projection of the sills varies from 10 inches to 1 foot, so as to allow the gates to bear 
for a depth of from 5 to 6 inches, and to afford the same play underneath. The 
masonry at the hack of the clapping-sills is nsually executed as a portion of an arch 
abutting upon the side-walls. Occasionally the whole of the sill is executed in wood- 
work, as in hgs. 25, 26. 

48. The breast-wall is usually made concave to the lock-chamber, in order to 
economize masonry, and to receive the prows of boats while between the gates. 
Formerly the breast- walls were executed in a perfectly vertical position, and tlierr 
horizontality with the top of the upper clapping-sills and chamber carefully preserved. 
Of late years, the upper portion of the hreast-wall has been made with an incline 
towards the lock-chamher, and the face has been disposed with a concave front 
towards the same direction, so as to break the fall of the water from the sluices in 
the gates. It is usual to give a thickness of from 2 to 3 feet of masonry behind the 
sills, whatever be the mode of finishing the wall. Care must be taken that no parts 
of the masonry project, to catch boats during their passage through the locks. The 
same observation applies to the coping of the side- walls, which must be made flush 
with their vertical faces. 

Fig. 27. 


In some modern locks, breast- walls have been suppressed altogether. The upper 


modem practice ranges between the limits of |th and ^th. Professor Barlow states, 
that the best proportion would be between |th and •Ith, or such as would correspond 
with an angle of 19” *24. 

The sills are raised above the level of the floors of the upper and lower chambers 
respectively, to form a projection against which the gates are to shut. It is usual to 
secure the masonry of the body of the sills, and to protect their external edges by 
means of either wooden or cast-iron clapping-sills, which receive the shocks of the 
gates. Felt should be placed between the clapping-sills and the masonry. The 
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Lock-gates. 


1 . 



level of the canal is deepened witli a gradual inclination to tke upper chamber, and 
the first pair of gates is made sufficiently high and strong to resist its pressure. The 
economy of this system is more than < 5 [iiestionable, and the management of the gates 
much more difficult than in common locks. 

The grooves in which the heel -posts of the gates work, the floor they traverse, and 
the clapping-sills, are the portions of the fixed work of canals which req.nire the 
greatest possible care in execution. In some cases they are all executed in dressed 
stone, or ashlar ; in others, in wood of the hardest and best description ; in others, 


Fig. 28. 



again, in cast iron. It is indispensably necessary that the fitting of the posts should 
he perfectly water-tight, and that friction at the bottom of the gates should he pre- 
vented. 

49. On the Ellesmere and Chester Canal, Telford executed some of the locks 
entirely in cast iron, upon foundations of little better than running sands. They 
answered admirably in such positions, hut the first cost was necessarily very con- 
siderable. Perhaps, in such positions no other system could have succeeded at all, 
with the exception of wood locks, but these have the serious inconvenience of early 
decay. 

Owing to the agitation produced in the lower chamber by the escape of the water 
through the sluices, it is advisable to prolong the floor into the heel of the canal, for 
a distance of 40 feet, for an ordinary fall of 8 feet in the lock. The entry to the 
upper chamber is also frequently paved to ahjjut the same distance, in order to pre- 
vent the excavations which might he occasioned by the increased velocity given to the 
water at the upper gates. 

50^ For the most important canals, the lock-gates consist of two leaves, fitting 
close, and hearing against the sills at the bottom as well as the grooves in the side- 
walls. They are generally made of wood ; hut of late years many gates have been 
executed in cast or even in wrought iron, or in a compound system of cast and 
wrought iron and wood. (See Plates 11. III. IV. and VII.) 

The gates are composed of the upright posts, the turaing-post being known as the 
‘ heel-post,’ and the meeting one as the ' mitre-post,’ These posts are united together 
by horizontal rails, which support the pressure of the water, and are variable in 
number according to the height of the gate. Against these rails the planking or 

wrought-iron plates, which close the gates, are fastened. 

The posts are kept about 2 inches clear of the floor, so as not to hear immediately 
upon it in their revolutions ; they are made from 8 inches to 10 inches above the 
water when the gates are opened by machinery, and somewhat longer when that 
operation is performed by a long lever on the top of the gates. The lowest rail is 
usually placed 4 inches above the floor ; the upper rail finishes about 4 inches above 
the Tnfl.riTimTm watcr-Une. The intermediate rails are spaced according to the effort 
they have to resist. A raking brace is introduced between the rails when the span is 








EIVER AND INLAND NAVIGATION. 


315 


great, and a -wTonglit-iron tie joins tlie foot of tlie mitre-post to the top of the heel- 
post, to prevent the frame-work from giving at the foot. As the load of the water in. 
a lock presses with greater weight at the hottom than at the top, it follows that the 
lower rails must be kept closer together than the npper ones, so that the resistance 
may augment with the effort. In the gates for a lock 17 feet wide with an 8-feet 
lift, it is usnal to make the posts and top and hottom rails of the lower gates ahont 
12 inches deep by from 11 to 12 inches wide j the four intermediate rails are ahont 
from 10 inches deep to from 9 to ll inches wide. The tipper gates are made with 
posts and top and hottom rails 11 inches square ; the one or two intermediate rails 
being in proportion. The tenons have one-third the width of the rails, and enter the 
post to half its thickness. 

When the gates are planked, the least thickness that can he given is 2 inches, or it 
would he impossible to caulk them. Sometimes the planking is applied horizontally, 
sometimes diagonally. To obviate the effects of any obstruction in the bottom of the 
chamber upon the solidity of the framing, it is usual to let in wrought-iron squares, 
flush with the wood- work, and bolted through at the meeting of each rail with the 


Fig. 20. 



upright posts. These squares are of iron, from 2 to 3 inches wide by from | to | inch 
thick ; the tie from the foot of the mitre to the top of the heel-post is of iron, from 5 
to 6 1 inches wide by from | to 1| inch thick. 

It is important in setting out the frame-work of lock-gates to keep the unsupported 
extremity about 2 incbes higher than it is required to be in execution. This differ- 
ence will barely compensate for the shrinking of the framing. 

The heel-posts turn upon a metal pivot, working in a metal soeket; the former 
being let into the floor of the chamber, and the latter into the post, which must also 
be shod with a wrought-iron hoop. In some of the ancient locks the socket was in 
the floor, and the pivot upon the heel-post; hut it was found that the mud in the 
canal choked up the socket very rapidly. The upper part of the heel-post turns in a 
collar, made with the hinges, and secured into the land by a set of long wrought-iron 
anchors let into the masonry. If the posts do not mount for the purpose of receiving 
levers, they may work at the top upon a pivot concentric with the lower one. The 
size of the collars is usually from S to 4 inches wide by | to inch thick ; the land- 
ties, or anchors, are 5 feet long hy from 1| inch to 3 inches square, with tieing-down 
bolts 3 feet long. 
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Sluices. 


Fig. 30. 



Elevation of Lower Gates. 
Fig. 31. Collars. 



Mr. Barlow recommends that in large lock-gate-s the leaves should present a cur- 
vilinear section in plan, hecanse such a form presents a greater resistance for the 
same cubic (piantity of wood. Theoretically the best form appears to be that re- 
sulting from a portion of a circle passing through the points found by the pivots and 
the sally of the sail. He further recommends that in practice the form of a G-othic 
arch should be preferred, making the apex from 1 foot to 18 inches beyond that of the 
circle so ascertained. The objection to this form of gate is, that it is difficult to find 
wood with a natural curvature suitable for the purpose. When cast or wrought iron 
is used, this form should be adopted. 

Sometimes, when the gates are of great height, they are made in two portions, to 
facilitate the opening. It has also been proposed to execute a portion of the upper 
part with hinges, to allow of its being thrown down towards the end of a lockage, for 
the purpose of expediting the operation of filling the chamber. 

51. The water is passed from one level of the lock to the lower one by means 
either of sluices formed upon the gates themselves, or by small culverts passing from 
one level to the other, or by syphons. The usual proportion of the waterway of 
the sluices is about 0*002 to 0*013 of the surface of the chamber. Formerly the 
sluice-valves used to be executed upon the gates themselves, and the whole was in 





An inconvenience attaolied to tiik mode of clianging the levels of the water in the 
lock-chamher arose from the fact that the two lateral streams, issuing from the 
tunnels, impressed an oscillatory movement upon the boats, causing them to strilce 
alternately upon the side-walls. An attempt to remedy this was made by bringing 
the mouth of the tunnels under the hreast-walL But such a method, although it 
obviates the lateral shocks, is still objectionable, inasmuch as the strength of the 
breast-wall is much diminished* Practically, Engineers at the present day have 


wood. This was found to augment the thickness of the gates to be lodged in the 
side- walls to an inconvenient extent, and latterly both the gates and their frames 
have been executed in metal 

The valves upon the gates should close hermetically, and be easily manageable ; 
they mixst be as large as possible, to allow of the locks being filled in the shortest 
possible time, especially during the latter stages of the operation. To fulfil these con- 
ditions they must be about 4 feet wide, by from 1 foot 4 inches to 1 foot 8 inches 
high. In the latest works of this description, whenever the raking brace is sup- 
pressed, the w'hole space between the posts is devoted to the opening of the valves. 
On the Canal du Centre, in France, it was noticed that the water rose 8 feet in G 
minutes, and the last 8 inches alone took 4 minutes more. To remedy this loss of 
time, on the Canal St. Quentin a folding leaf of 1 foot wide was adapted to the top of 
the gate, and with tolerable success. But the lock-men in practice expedite the 
operations by opening the gates when the difference of level is about 6 inches : to do 
this in a manner not likely to injure the gates, the chord by which they are opened 
must be fixed at I of the height. 

The orifice of the vanes must be placed as nearly as possible in the centre of the 
leaves of the gates, in order that the jets may meet and destroy their reciprocal effects. 
They are opened either by a rack and pinion, by an endless screw, or by a long lever. 
Frequently they are made with a counterpoise, to diminish the friction. The sluice- 
valves are always placed on the upper side of the gates. 

Many instances occur in which the water passes through tunnels from the upper to 
the lower level ; but such a system is liable to the very serious objections of aug- 
menting considerably the quantity of masonry m the first case, requiring more 
expensive machinery in the second, and finally in being much more likely to get out of 
order. In fact, the abrupt curves which are necessarily made in such tunnels serve 
to retain the water and any mud they hold in suspension, and thus cause the tunnel 
to be rapidly choked up j. it is also very difiS^cult to repair or clean them out. Figs, 
32 and 33 represent the tunnels used on the Canal de Briare. 


Pig. 33. 
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retened to tlie ancient system of sluice-valyes upon tke lock-gates tkemselves, as 
■being tke simplest and most economical. 

Fig. 33. 


In proportioning the size of the opening of the sluices it must be borne in mind 
that the effectiye discharge from them is never eq[ual to the theoreticar discharge. 
Both from the contraction of the fluid vein in the first movements of the flow, and the 
diminished discharge owing to the smaller head of water at the end, it has been 
found that the results obtained from theory differ very much from those which occur 
in practice. "When only one sluice is in operation, it appears that the real discharge 
is only 0*625 of that obtained from the elements furnished by the head of water and 
the surface of the opening. When two sluices are in operation the coefficient becomes 
0 *548. Or the ijuantity discharged through two sluice-gates, drawing water from 
the same source, and whose streams meet immediately after leaving the upper level, 
may be represented by the formula, Q = m S ; in which m = the coefficient 

given above j S — the sectional area of the sluices; pf :=the numerical expression of 
gravity at the intended position of the lock ; and H = the height of the head above 
the opening. 

52. In constructing the locks it is desirable to provide mooring-posts at the ends, 
and towing-rings in the side- walls, to facilitate the movements of the boats. Some- 
times ladders are let into the side-walls to allow of visiting and repairing the lower 
parts of the chambers. Provision of some kind, either by means of a rope stretched, 

Fig. 34. 
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Side-Pond on tke Canal d’Antoing. 


across the lock, <n: by a boom, must be made to prevent boats from striking against 
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tLe gates whilst waitiDg to be passed from one level to the other. The entries to the 
chambers must also be arranged in such a manner as to allow boats to be directed 
easily into them. 

When the navigation is active it is necessary to have two lochs side by side, one 
locking up whilst the other locks down. Such an arrangement enables a considerable 
economy to be effected in the consumption of water ; for if an aqueduct be made 
between the two, all the water which passes from one to the other is, in fact, 
economized upon the quantity required from the upper level. In warm dry climates 
many systems have been introduced to save the water in lockage, an example of 
which from the Canal d’Antoing is given ,* but the construction of such works resolves 
itself at last into a simple question of economy. On the same canal a very admirable 
system was adopted, which may probably be found capable of more general ap* 
plicability. It consisted in the establishment of a double steam-engine of 112 
horses’ collective power, which pumped up the water from the lower level of a series 
of five locks placed in Juxta-position* The water thus passed down through the locks 
was made to serve a second time at an expense not exceeding 0*00228 of a penny 
per foot cube. Such a use of steam-power is not, however, cited as a novelty, for 
many of onr own canals employed it largely. Telford appears to have arrived 
at the conclusion that the use of side-ponds rather lengthened the operations of 
lockage. 

The opening of the gvates sometimes necessitates the establishment of some machi- 
nery upon the platform of the locks, especially when their dimensions are considerable. 
Small locks are opened either by means of a lever formed by the prolongation of the 
top rail, or by pushing or pulling the gates with a kind of boat hook. Larger ones 
require to be moved by a rope or chain working upon a barrel set in movement by a 
wheel and pinion. 

The communication between the two sides of the platforms of a lock-chamber is 
usually effected by means of a footpath carried upon the gates themselves, care being 
taken that no projection be left towards the chamber to interfere with the movements 
of the boats. 

Telford describes a system employed on the Shrewsbury Canal, which may be 
advantageous in cases where small or short boats are in general use. It consists in 
so forming the locks as to admit either one, three, or four boats to pass at a time, 
without the loss of any more water than what is just necessary to regulate the ascent 
and descent of the boat or boats that are then in the locks. This is accomplished by 
having gates that are drawn up and let down perpendicularly, instead of being 
worked horizontally, each lock having three gates. 

Buhstitutes fm' Locks, 

53. In some situations it has been found necessary to adopt a different method of 
passing boats from the higher to the lower level of a canal than by the use of locks. 
Such a necessity may arise from a want of water, or from the fact of the natural 
form of the ground being so abrupt as to make the number, or the fall of the locks, 
inconvenient. The different means of effecting the object in question have varied in 
an infinite degree, but they may be conveniently classified under two heads, viz. 
balance-locks, or inclined planes. 

Telford mentions several descriptions of balance-locks proposed from time to time, 
for details of which the reader is referred to the/ Eepertory of Inventions,’ vols. i. ii. 
and ix., and to Chapman’s ^Observations on Canal Navigation.’ On the Grand 
■Western Canal a balance-lock of this nature has been executed, by which a difference 
of level of 46 feet is compensated with a remarkable saving of time and water. It 
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consists of two chamtes, with a pier of masonry between them, of the dimensions 
necessary to receive a case into which the boats are floated. Strong chains pass over 
a series of wheels supporting the cases, working in the chamber m sudi a manner 
that one is kept upon the upper level whilst the other corresponds ^ 
one The quantity of water admitted into the upper case is so arranged as to give it 
a Blight piionderance over that of the lower, sufficient to impress a gradual and 
easily regulated movement to the machinery. The passage from one level to tho 
other does not occupy more than three minutes, and the consumption of water is about 
two-thirds of what would be required fo All a lock of the ^e dmeiision. _ T e on y 
objection to such a system is iis expense, and the difficulty of mamtainmg it in working 

“ttod planes have long been in use, and offer great facilities 

differencesof level, when these pass certain limits. ® ^ 

not to lose sight of the fact, that the applicabiUty of such substitutes for locks is 
reconomicaf question, in wHch it is necessary not only to consider the cost of the 
first establishment, but also that of the working and maintenance, 
fore, the difference of level be very great, there can be no advantage m departm„ 

from the ancient system of looks. , noir 

54. Telford mentions the construction of a ‘ pent aux rouleaux on a eana.1 near 
Saarndam j this consisted of a set of rollers placed at short d.istances, over S' 

means of a water-wheel, the boats were hove up to the ridge “ 

waters to a point a litfle higher than the level of the upper one, and were launched 

down to tke other. . 1*11 wah 

s. 65. On the Duke of Bridgewater's subterranean canals one_ inchned 

formed 854 yards high and 161 yards long: the water escaping from the upper 

chamber in this case served to work the air-pumps of the lower level 

On the Shropshire canal there are three inclined planes, respective y r ? 

and 207 feet rise, which were completed in the year 1792- The oa s^ are a ap ^ 

to frames upon carriages made to run upon railroads, and they are set m 7 

a steam engine acting upon an endless rope coiled upon a drum. On one of aese 

inclines, 600 yards in length and 42 yards rise, six boats wm-e taken 

down in an hour, the steam engine and three men only bemg employe . 

were only of 6 tons each. On the Shrewsbury Canal, Telford executed a plane 2 

yards long and 25 yards rise on the same principle. . ’ , , 

On the Canal du Centre similar inclined planes have been introduced, on account 
of the want of water. On the Morris Canal, in the United States, there axe no to 
than fourteen such planes, each about 100 to 102 feet 

4 feet base to 1 foot in height. M. Bdtancomrt indicates as the limits of mclmation 

a range between 8® and 25°, or from 7 to 46 in 100. « -p 

On the Duke of Bridgewater’s Canal the consumption of water for the passage of 
a boat is only equal to about one-half a lockful, whilst the ordi^ry system would 
have required no less than from 28 to 80 times that quantity. _ The boats ^e mi 
into a lock at either extremity, and the whole case traverses the inclmed plane to the 
lower level, where the boat floats into the ordinary part of the canal. 

Shropshire inclines they are simply let into carriages, which e^e subsequently carried 
over a summit closing the end of the canal, and then let down into it. On ^ 
Morris Canal the locks themselves traverse the planes, so as to mainta 
constantly floating during the passage. Bach look is 60 feet long, 9 ee m e, ant 
3 feet di, and contains 45 tons. It rests upon a triangular frame runmn u^n 
rollers, wrighing, with the empty lock, 15 tons, or 60 tons when fuU._ The boats 
usua% w^h, loaded, 25 tons. The cost of the construction of this senes of planes 
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upon tlie Morris Canal was only lialf tliat requisite for a set of locks able to produce 
tbe same result, as far as compensating tbe difference of level is concerned; tbe 
economy of water is tkerefore a pure gain. 

Over-JBridges. 

56. Wben it is necessary to erect bridges over canals, the beigbt from the water- 
line to fcbe under side of the arch should not be less than 13 feet, if the locks 
are 17 feet in width. If constructed to receive large boats, and the locks are 
26 feet in width, it is preferable to augment the height to 18 feet. The water-way 
should be from 1 foot 4 inches to 2 feet wider than in locks, for boats do not stop to 
pass through tliem, as in the latter case, A bridge should be placed in such a position 
that the canal should be in a straight line above and below it for about 200 or 800 
yards. 

On the Dutch and Belgian canals it has been found necessary to execute many 
swivel or lifting bridges, to carry roads over the canals. Such erections are very 
costly, and they entail considerable expense for maintenance and management. If 
therefore they can be avoided, and permanent works substituted for them, it is vei'y 
desirable. The rules which regulate the construction of canal-bridges are equally 
applicable to all similar works : the reader is therefore referred to the articles 
* Bridges,’ and * Passage of Eivers.’ 

Culverts and Aqueduct Bridges. 

57. In traversing a line of country of any length, especially in mountainous regions, 
streams holdmg much foreign matter in suspension are frequently to be diverted, so 
as not to discharge their waters into the canal. Such streams may he encountered 
at different levels, either above or below the water-line of the canal, requiring a 
different system of construction in either case. 

If the level of the stream be much above that of the canal, the simplest mode of 
dealing with it is to carry the aqueduct at once at the higher level. But such a case 
rarely occurs, and the streams mostly are hut little removed from the level of the 
canal, rendering necessaiy the construction of a syphon or a straight culvert. Such 
culverts are simple enough ; but tbe syphons are difficult to repair, and they very 
soon choke up if the waters brought down by the stream be at all troubled. They 
should only be used for very limpid waters, and settling reservoirs should be formed 
before the entry of the syphons. 

When, however, the stream assumes any considerable dimensions, it is neces- 
sary to carry the canal over it by a bridge, the form, nature, and expense of which 
depend on the size of the river to be traversed. Such abridge, in addition to the 
ordinary difficulties attending the construction of similar works, becomes more diffi- 
cult from the necessity of rendering it water-tight. Leakages, in fact, compromise 
the solidity of the works in the same proportion as they entail a loss upon the water 
in the canal. Por small bridges this object may be effected by lining the bottom of 
the bed with lead or zinc j for larger works such a course is not applicable, and the 
bridge itself must be made to retain the water. 

The width of the water-way in a bridge aqueduct need not be more than 8 inches 
on each side than the widest boats likely to traverse it, or, in fact, a little more 
than that of the locks xipon the same canal Only one towing-path is absolutely 
necessary, although it is usual to execute two : if for men, 8 feet is sufficient ; if for 
hoises^ they should be 6 feet wide* 

When the bridge is executed in masonry, the actual bed of the canal should not be 
constructed until the^centres have been struck, and all settlements have taken their 

X 
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Union Canal, Scotland.— A, warm-air flue. Cast-Iron Aqueduct, Ellesmere Canal. 

■" Elg. 38. 

vTvI^i y.cra:..i....2o'ci,EAR........ 


full effect. Tlie lied sliould be executed in concrete, made very carefully witb tiio 
best hydraulic lime; and it is a yery necessary precaution to form, in the haunches 
of the arches, aqueducts to carry off the waters which might filter through. When 
the bed is executed in masonry, care must be taken to coat the intrados of the arches 
with either asphalt or concrete, and the inside of the masonry must be pointed and 

Fig. 85. 


Aqueduct of Eigoin. 
Fig. 36. 
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rendered with hydraulic cement. The water must be introduced as soon as possible, 
in order to prevent fissures from the sudden drying of the lining. 

58. The aqueducts of Bigoin and of the Allier, executed under the orders of 
M. Julien, are perhaps the most carefully executed works of this description erected 
of late years. That of Bigoin is 810 feet long, and consists of eleven arches; that 
over the Allier is 1298 feet long, with eighteen arches, and three locks comprised in 
the prolongation of the wing- wall on the down side. The first aqueduct cost about 
£192 per metre, or £172 per yard ; the second cost £296 per metre, or £266 per 
yard. 

On the aqueduct for the Union Canal in Scotland, a warm-air fine was introduced 
to prevent the injurious effect of the frost. (See fig. 87.) 

On the Ellesmere and Chester Canal, Telford constructed one of the most remark- 
able and original works which he ever executed, to carry the canal over the valley of 
the Bee. It consists of an aqueduct 1007 feet in length by a maximum height of 
127 feet. The piers are about 45 feet apart from centre to centre, by 7 feet 6 inches 
wide, and is feet broad at the top. The trough is formed of cast-iron plates, sup- 
ported upon four cast-iron arched beams of 7 feet 6 inches chord to the intrados, 
well cross-braced and tied together. The towing-path is supported in such a manner 
as to allow the water to flow freely under it. The side and bottom plates are firmly 
bolted and riveted together. The total expense of this truly wonderful work was 
£47,018, or about £141 per yard; and considering the boldness of its conception, 
the skill with which its details were carried out, and its moderate cost, the superior 
attainments of this eminent Engineer must be admitted. 

In tbe United States, where wood is cheap, and masonry and iron-work excessively 
dear, aqueducts have been executed in carpentry. The most remarkable work of this 
kind is that which carries the Canal of Alexandria across the Potomac at Georgetown. 
It is about 1077 feet long between the abutments, and has nine arches. The piers 
are about 7 feet 2 inches wide at top, with a batter of ^th on each side, and they 
receive the trough at a height of about 29 feet above high-water mark. Three of the 
piers, however, are of an extra width, so as to form intermediate abutments; they 
are made 12 feet 10 inches wide at the top. The length of the ordinary piers is 41 
feet at the summit; measured upon the out- water, at Mgh-tide level, they are 47 feet 
6 inches. The trough was executed in wood-work, upon Town’s system, with double 
lattice on each side, 18 feet 8 inches deep. (See Plate Y.) 

The most extraordinary canal aqueducts hitherto executed are, however, those 
lately erected upon the irrigation canals of India, by Colonels Oantley and Baird 
Smith, Lieut. Haig, and the officers of the Indian army. Thus the Gunnarum 
Aqueduct over tbe Godavery is 2248 feet long, and has 49 arches of 40 feet clear 
water-way ; the Solani Aqueduct is 750 feet long, it has 17 arches with 50 feet clear 
water-way, and a transverse section of not less than 1700 superficial feet in the 
water-way of the canal itself. 

There are numerous inconveniences attached to the erection of bridge aqueducts, 
which should lead the Engineer to prefer carrying the canal in embankment, even at 
an increased expense, if there be no insurmountable difficulty in so doing. The dimi- 
nution in tbe width of the canal renders the traction more difficult : muck time is 
lost by the boats being forced to wait their turn ; the maintenance is always a source 
of great outlay ; and, lastly, the great cost of such erections often leads to lowering 
the canal on one side to rise again on the other, in order to save tbe height of the 
piers. If, however, tbe erection of a bridge aqueduct be inevitable, it is necessary, in 
addition to the precautions already mentioned, to place waste-weirs above the entry, 
so that, in case of flood, water may not fall over the sides of the embankment. 
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locks ke preceded by a bask or dock of sufficient dimensions to allow sea-going vessels 
to enter simnltaneonsly witb barges ; and in suck cases it is usual to provide a set of 
lock-gates to close tbe end of tbe canal wbicb joins tbe basin. An excellent example 
of suck a basin exists at tbe terminus of tbe Eegent’s Canal. 

In ordinary cases the entry into a river must be placed on tbe concave bank, to 
avoid tbe destructive action of tbe stream ; but as deposits take place on the concave 
sides, means must be provided to scour tbe passage to tbe locks. Tbe entry must 
be above any affluent wbicb might be in tbe neigbbourbood ; and its direction sbould 
form an acute angle witb tbe stream of tbe main river, as was observed under tbe 
bead of ‘ Eiver Navigation.’ Tbe upper jetty sbould project into tbe stream so as to 
render tbe water in tbe entry perfectly still ; tbe lower one should join tbe bank 
with an easy curve. Mooring-posts and guard-booms sbould be provided at tbe 
entries, to facilitate tbe movement of tbe boats, and to guard tbe lock-gates from tbe 
shocks of tbe vessels. 

The first lock sbould be placed, at least, one clear boat’s length from the extremity 
of tbe normal line of the bank on tbe up-stream side. Basins must be formed both 
at the termini and at tbe intermediate d^pCts, and also such roads, sheds, machinery, 
and offices as the nature and importance of the navigation may req.mre. 


Fences and Enclosures, d'c. 

62. Lastly, it is necessary that a canal be carefully protected from injury by tres- 
passers, or by tbe cattle in country districts, by means of strong and efficient fencing. 
Such fences sbould be backed by a hedge and ditch, for tbe double purpose of render- 
ing tbe enclosure more perfect, and of carrying off tbe rain-water it is considered 
desirable not to direct into the canal. In tbe interior of towns, or upon tbe borders 
of a highly freq.uented road, it is often necessary to enclose a canal witb a solid wall, 
or at least with a close-boarded fencing. Basins, or intermediate ports, are especially 
necessary in such positions as req.uire perfect enclosure, both for tbe security of tbe 
canal itself and for that of tbe goods transported. 

Ddpdts must be formed, at convenient distances, of all the materials necessary for 
the maintenance and repairs of either tbe bed of tbe canal or of tbe works, including 
under that term locks, bridges, cnlverts, and aqueducts. It is advisable to have in 
such d6p6ts all the materials necessary to form a dam across tbe canal, in case it 
becomes requisite to execute on an emergency any repairs wbicb would, without such 
a precaution, require tbe canal to be entirely laid dry. Materials for the repair of tbe 
towing-path must also be provided at convenient spots. 

Tbe dangers arising from the burrowing of moles and rats are so great that it is 
expedient to have a person specially charged to destroy those animals. But perhaps 
tbe best remedy would be to execute a concrete limng to tbe canal, instead of merely 
puddling it. 

Constant superintendence on tbe part of the resident Bngineer cannot be too much 
insisted upon. The embankments, cuttings, tunnels, locks, lock-gates, bridge, and 
culverts, are all exposed to injury; but a slight repair in the first instance would 
often save immense outlay in tbe end, and it is but bad economy to endeavour to dis- 
pense with skilful superintendence, 

Btedistm. 

63. A statistical account of the canals in different countries would far exceed tbe 
limits of this article : tbe following statement will, however, indicate the commercial 
importance of tbe subject, and serve as a guide to tbe Engineer in forming approxima- 
tive estimates of tbe cost of similar works. 
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In England, a^oording to Mr. G. Bennie’s Eeport to tlie British Association, in the 
years 1888 and 1839, no less than 2277 miles of canal had^ teen executed 

up to that period ; in Scotland not much more thm 200 miles ; and in the -whole 
of Great Britain, 2236 miles of river navigation had teen improved. ^ 

In the United States, up to the year 1837, more than 2000 miles of canal had been 

constructed, at an average cost of about £4600 per mile. • + r* 

In France, to about the same period, according to the statistics communicated to 
Mr. G. Bennie, there was executed for the seven lines of junction between t^^^ 
alengthof canal of 3,068,876 metres, at a cost of ®®\^29,601f_50a^^ 

of the lines leading to Paris was 1, 020, 022“-64, at a cost of 143, 985,916 fiancs. ^ ^ 

64. The maintenance of the New York Canals cost, up to f ^i ^s 

per mile j that of the OHo canal, £64. On the French canals, the maintenance has 

varied from £60 to £87 per mile. „ , • j. 

65. It may be estimated with tolerable safety that the averagecost of canals is about 
£4 per yard, with an addition of about £1000 per yard of the fall of lockage. Bach 

lock on an ordinary canal ^^000. On the Criedom^^^^ 

looks are 170 feet long by 40 feet wide, and 8 feet fall, the OMt was ab P 

The waste weirs for a large canal cost about £1600 each. ^ 

Basins and ddpOts on the intermediate parts of the line req.uire an ^ 

of about £1500 each. Those at the termini vary so greatly in importance that t 

not possible to predicate their expense. . ^£<500 each on 

cLmon under-bridges, of not more than 30 feet span, cost about £500 each, on 

the averaee. SmaE over-bridges may be taken at the same price. . ,. 

It is difficult to estimate the expense of large aqueducts ; but as 
it may be stated that some of the most expensive have wst^as much £- per ya 

siiperfieial of waterway, wKen they LaTe beea 

Tolls. 

66 In the working of canals, the expense of loading and unloading the barges 

charge of 0^*10 per ton and per kilometie, or 1 6 per ton per 
returning pay only l5. per loch passed. 
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certain localities 'where again otliers are only fonnd, it becomes necessary, in order 
that all may be equally well served, that an interchange of these commodities should 
take place, so that the whole country may participate equally in the enjoyment and 
use of those things which would otherwise be confined to only certain districts* 
Thus, we may have in one part of a country huge forests, stocked with various kinds 
of timber ; in another extensive tracts of fertile land, capable, if properly cultivated, 
of yielding supplies of corn and other produce, sufficient for the support of a densely- 
populated country ; in a third mineral treasures, coal and iron, or the more precious 
metals j in another stone, w'ell adapted for the construction of houses, and for other 
building purposes : and yet, with all these latent treasures dispersed throughout the 
country, of what avail would they be, unless the means were possessed of conveying 
them to every part of the land, and thus distributing to all what would otherwise be 
enjoyed but by few ? 

It is not, however, only for the purposes of its own internal trade that good means 
of communication are required ; they become even more necessary, to insure an 
extensive commerce with foreign [countries, to enahle the peculiar produce of the 
several districts to be brought together to those parts of the coast which have been 
either naturally or artificially formed into ports, and then again to distribute to every 
part of the country the goods brought in exchange from foreign lands, comprising fre- 
quently the necessaries as well as the luxuries of human life. 

And further, good means of internal communication are essential for the proper 
defence of a country {whether island or continental) against either the attacks of 
foreign aggressors or civil tumults, rendering a much smaller standing army necessary 
for this purpose than would otherwise he required. 

Such being the case, it will not be a matter of surprise that, from the earliest 
periods, and in all nations having any pretensions to civilization, the establishment 
and improvement of the means of internal communication has always been regarded 
as a consideration of primary importance; and one which has engaged the highest 
talents of the Military or Civil Engineer, the result of whose exertions, devoted to the 
accomplishment of this object, has been the perfection of common roads, railways, 
and canals. 

It is not necessary to enter into the comparative merits or advantages of these 
several means of commnnication, in order to establish the importance and necessity of 
common roads. Eor although, under certain circumstances, it might he questionable 
which of the three would be the best adapted for serving the tract of country 
through which it was to pass, there are an innumerable number of cases in which 
only the common road could be advantageously employed. Bailways and navigable 
rivers or canals may be regarded as the arteries of traffic ; while common roads are 
simply the veins or smaller ramifications through which the means of conveyance 
are carried into every nook and corner of the land. It would be quite impracticable 
so to intersect any country with canals or railways as to obviate the necessity of 
common roads, or to make the former universally supersede the latter. 

The formation of a perfect general system of railway communication necessitates 
the construction of several new common 3?oads, in order that towns situated at some 
distance from the nearest line of railway may fully participate in the benefits to be 
derived from it. 

Before entering into practical details on the construction of such roads, it will be 
desirable to explain the manner in which a person should proceed in exidoring a 
tract of country for the purpose of determining the best course for a road, and the 
principles which should guide him in Ms final selection of the same. 

Let us suppose that it is desired to form a road between two distant towns, A and n, 
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fig. 1, andlettis, fortfie present, neglect altogether tlie consideration of the physical 
features of the intervening country ; assuming that it is equally favourable, whatever 



line we select. At first sight it would appear that, under such circumstances, a per- 
fectly straight line drawn from one town to the other would he the best that could be 
chosen. On a more careful examination, however, of tbe locality, we may find that there 
is a third town, o, situated somewhat on one side of the straight line which we have 
drawn from A to b ; and although our primary object is to connect only the two 
latter, that it would, nevertheless, be of considerable service if the whole of tbe 
three towns were put into mutual connection with each other. Kow this maybe 
effected in three different waj^s ; any one of which might, under certain circum- 
1 stances, be the best. In the first place we might, as originally suggested, forma 

straight road from A to b, and in a similar manner, two other straight roads from A to 
0 , and from b to 0, and this would be tbe most perfect way of effecting the object in 
view ; the distance between any two of the towns being reduced to the least possible. 
It would, however, be attended with considerable expense, and it would be requisite 
to construct a much greater length of road than according to the second plan, which 
would be to form, as before, a straight road from a to b, and from o to construct a 
road which should join the former at a point n, so as to be perpendicular to it ; the 
trafiSc between A or b and o would proceed to the point i>, and then turn off to o ; 
with this arrangement wliile the length of the roads would be very materially 
decreased, only a slight increase would be occasioned in the distance hetw^een 0 and 
the other two towns. Tbe third method would be to form only the two roads A o and 
0 B, in which case the distance between A and b would be somewhat increased, while 
that between A and o, or b and o, would be diminished ; the total length of road to 
be constructed would also be lessened. 

As a general rule, it maybe taken, that the last of these methods is the best, and 
most convenient for the public j that is to say, that if the physical character of the 
country does not determine the course of the road, it will generally he found best not 
to adopt a perfectly straight line, but to vary the line so as to pass through all the 
principal towns near its general course ; for the reason that the public may be con- 
veyed from town to town with greater facility and less expense than if the straight 
line were adopted, and tbe towns were merely made to communicate with it by means 
of branch roads ; since, with the first arrangement, any vehicles established to convey 
passengers or goods between tbe two terminal towns yould pass through all those 
which were intermediate; while, if the straight line and hranch road system were 
adopted, it would be requisite also to have a system of branch coaches to meet the 
coaches on the main line. 

In laying out a road in an old country which has been long inhabited, and in 
which the position of the various towns, &c., requiring road accommodation is 
therefore already determined, we are left less at libei-ty in the choice and selection of 
the line of road, and must be guided m that choice by different considerations to 
those which would determine the line of a road made through a new country, where 
our only object was to establish the easiest and best road between two disto 
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stations. In the first case we should take into consideration the position of the 
various towns and other inhabited districts situated near the intended road, and its 
course would be, to a certain extent, controlled thereby ; while, in the second case, 
we should simply examine the physical character of the country, and base all our 
proceedings on the result. 

Whichever of these two cases, however, may have to be dealt with,' in the ultimate 
selection and adoption of the line of road between these points which are fixed by 
other circumstances, the same careful examination of the physical character of the 
country should be made, and the same principles should control the choice. 

In examining almost any tract of country, one of the first points which must 
attract our notice is the unevenness or undulation of its surface ; but if we extend 
our observation a little further, we shall perceive, even in the most apparently 
irregular countries, the same general principle of conformation. We shall find the 
country intersected in various directions by rivers decreasing in size as they leave 
their point of discharge ; from these main rivei*s we shall find lesser ones branching 
off on both sides, and running right and left through the country, and from these 
again still smaller streams and brooks ; furthermore we shall find the ground falling 
in every direction towards these natural watercourses, forming a ridge, more or less 
elevated, running between them, and separating from each other the distriets drained 
by each separate stream. 

In all cases it should he the first business of a person, engaged in laying down a 
lino of road, to make himself thoroughly acquainted with all these features of the 
country ; he should possess himself of a plan or map, shewing accurately tlio course 
of all the rivers and principal watercourses, and upon this he should further mark 
the lines of greatest elevation, or the ridges separating the several valleys through 
which they flow ; it would also be of peculiar service if the plan contained contour 
lines shewing the comparative levels of any two points, and the rates of declivity of 
every portion of the country’s surface. The system of shewing upon plans the levels 
of the ground by means of contour lines is one of much utility, not only in the 
selection of roads and all other lines of communication, but in the drainage of 
towns as well as their supply with water, in the drainage and irrigation of lands, and 
for almost all purposes.’** 

The annexed plan (fig. 2) shews an imaginary tract of country, to illustrate more 
cleaidy the mode of shewing by means of contour lines the "physical features which 
may belong to it. The hatched line, e p g n i, is supposed to be the elevated ridge, 
encircling the valley shewn in the plan ; the fine black lines are contour lines, 
indicating that the ground over which they pass is at the altitude above some known 
mark expressed by the figures placed against them in the margin j and it will be 
observed that these lines, by their greater or less distance, produce tke effect of 
shading, and make apparent to the eye, at one view, the undulations and irregu- 
larities in the surface of the country. 

In laying out a line of road there , are three cases which may occur, and each of 
these is exemplified in the plan (fig. 2} ; first, the two places to be connected may be 
both situated in the same valley, and upon the same side of it, that is, not separated 
from each^ other by the main stream which drains the valley, as the towns A and b on 
the plan, and this is the simplest case which can occur ; secondly, although both in 
the same valley, they may be on opposite sides of the Valley, as A and c, being 
separated by the main river ; thirdly, they may be situated in different valleys, so as 
to be separated by an intervening ridge of ground more or less elevated, as a and n. 
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afterwards to lay down tlie general principles wMcli should determine onr choice of 
them. 

Before doing so, however, we shonld perhaps observe, althongh it mnst be almost 
obvious to all, that the most perfect condition of a road is that in which its course is 
perfectly straight and its Surface perfectly level • and that, all other things being the 
same, that is the best road which approaches nearest to this state. 

Now, in the first case supposed (that of two towns situated on the same side of the 
main valley), there are two methods which might be pursued in forming a communi- 
cation between them : we might either make a road following the direct line between 
them, shewn by the thick dotted line a b, or we might adopt a line which should 
gradually and equally incline from one town to the other, supposing them to be at a 
different level, or if at the same, keeping at that level throughout its entire course, 
and following aU the sinuosities and curves which the irregular formation of the 
country might render necessary for the fulfilment of these conditions. And in the 
first method (that of a direct line between the two places), we might either form a 
level or equally-inelmed road from one to the other, forming embankments and 
cuttings where necessary to attain these objects, or we might avoid these exioensive 
works and make the surface of the road conform to that of the country. Now, of all 
these the best is the straight and equally-inclined (or level, as the case may be) road, 
although at the same time it is the most expensive ; and if the importance of the 
traffic passing between the places is not sufficient to warrant so great an outlay, it will 
then become a matter of consideration whether the course of the road should be kept 
straight, its surface being made to undulate with the natural face of the country, 
or whether, a level or equally-inclined Hue being taken for its surface, the course of 
the road should be made to deviate from the direct line, and follow the winding 
course which such a condition is supposed to necessitate. 

In the second case, that of two places situated on opposite sides of the same valley, 
we have in like manner the choice of a perfectly straight line to connect them, which 
would probably require a heavy embankment if the road were kept level, or steep 
inclines if it followed the surface of the country ; or we may, by winding the road, 
carry it across the valley at a higher point, where, if the level road were taken, the 
embankment would not be so high, or, if kept on the surface, the inclination would 
be reduced. 

In the third case, we have in like manner the alternative of carrying -the road 
across the intervening ridge in a perfectly straight line, or of deviating to the right 
or left and crossing at a point where the ridge is less elevated. 

In all these cases, the proper determination of the question which of these courses 
is the best under certain circumstances, involves one of the most difficult points to 
solve, which is, the comparative advantages and disadvantages of inclines and curves ; 
that is, what additional increase in the length of a road would be equivalent to a 
given inclined plane upon it, or conversely, what inclination might be given to a road 
as an equivalent to a given decrease in its length. In order to a correct solution of 
these questions, it is requisite that we should know the comparative force required to 
draw different vehicles with given loads upon level and variously inclined roads. 
shall, therefore, before proceeding further, investigate this subject, and shew the 
manner in which we may determine the tractive force required upon roads of, any 
given inclination. 

It has been attempted to investigate mathematically the resistances which oppose 
themselves to the motion of varions descriptions of vehicles drawn along horizontal 
roads, whose surfaces were formed of different materials and in different states of 
smoothness. No satisfactory result, however, has been obtained, because we are 
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ignorant of tie data wWch are essentially requisite to enable ns to arrive at a correct 

exclusion. We sbould, for instance, know tbe relative amounts of resmtance occa- 
sioned by a wbeel drawn along a bard smooth road, such as a good macadamized road 
so hard that the wheel can make no appreciable impression upon it ; upon the same 
road when newly covered with stones, amd when the passing of the wheel over them^ 
crushes these stones, in a greater or less degree ; upon a gravel road the surface of 
which is soft, so that the wheel in its passage sinks into the road and forms a ru ; 
upon a similar road covered with stones wHch are partially crushed and partially 
forced down into the soft road by the wheel passing over them ; or upon a strae 
pavement, such as is common in the streets of towns, laid with more or less regrfanty, 
nnd in pissing over whieh the resistance is felt in jerks, as the wheels hound from 
to stone. Many other eases might he mentioned, in which we should he equally 
at a loss to assign a correct value to the resistance which would be expenenced^hy a 
carnage drawn along the particular description of road supposed. Although, there- 
fore, some of the attempts whieh have thus been made have been very mpmous, and 
lave shewn the mathematical skill of the investigator, they have done little besides, 
and would be out of place in the present article. In eases of this descnption, the 
practical method of proceeding is by experiments sufficiently oaxeful and exten- 
sive to determine the amount of resistance, in each particular case, from which we 
may then determine an empirical formula or rule, which will enable us to geneialize 
the results of our experiments, and apply them with sufficient accuracy for practical 
purposes to any particular case. , 

The following are the general results of the experiments made by M. Monn upon 

this subject, at the expense of the French Government : ^ _ 

1st. Tlie traction is directly proportional to tlie load, and inversely proportiona o 

tlie diameter of tlie -wheel. ; ^ „ 

2nd. Upon a paved or hard macadamized road the resistance is independent of the 

width of the tire, when it exceeds from three to four inches. 

, 3rd. At a walking pace the traction is the same, under the same circumstances, for 

carriages with springs and without them. y ^ _ 

4th. Upon hard macadamized and upon paved roads the traction increases with 
the velocity ; the increments of traction being directly proportional to the increments 
of velocity above the velocity 3-28 feet per second, or about 2i miles^ per hour. The 
equal inciement of traction thus due to each equal increment of velocity is less as the 
road is more smooth, and the carriage less rigid or better hung. 

5th. Upon soft roads of earth, or sand or turf, or roads fresh and thickly gravelled, 

the traction is independent of the velocity. 

6th Upon a well-made and compact pavement of hewn stones, the traction at a 
walking pace is not more than three-fourths of that upon the best macadamized roads 

Under similar circumstances : at a trotting pace it is equal to it. 

7th. The destruction of the road is in all cases greater as the diameters of the 
wheels are less, and it is greater in carriages without than with springs. 

The next experiments which we shall quote are those of Sir John Macneill, made 
mth an instrument invented by him for the purpose of measuring the tractive force 
required on different descriptions of road, under various circumstances. The general 
results which he obtained are given in the following Table, the numbers in which 
exhibit the tractive force requisite to move a weight of a ton, under ordinary circum- 
«+ o Iaw wlnrit.v nnon the several kinds of road mentioned. 
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we liay©, in the case of a common stage waggon, 


and in the case of a stage coach, 


These formuloe, being reduced to verbal rules for the convenience of those not con- 
versant with algebraical expressions, are as follows : 

Rule. — D ivide the weight of the carriage when loaded, in tt>s., by 93 if a waggon, 
or 100 if a coach, and to the quotient add gbi'h of the weight of the load only ; the 
sum, added to the velocity in feet per second, multiplied by the proper number taken 
from the above Table for the particular kind of road, will give the force in ibs. 
required to draw the carriage at the given velocity upon that description of road. 

For example : what force would be requisite to move a stage coach weighing 
2060 lbs., and having a load of 1100 Ibs., at a velocity of 9 feet per second, along a 
broken stone road covered with dust ? 

Here we have 


®25i±il°£ + l!£5 + 8 X 9 = 131-1 lbs. for tie force required. 
100 40 


We next pass on to consider the additional resistance which is occasioned when 
the road, instead of being level, is inclined in a greater or less degree. In order to 


93 40 ’ 


E=51±l"+il + ou; 
100 40 


On a timber surface 


On a paved road . 

On a well-made broken stone road, in a dry clean state 
On a well-made broken stone i*oad, covered with dust 
On a well-made broken stone road, wet and muddy . 
On a gravel or flint road, in a dry clean state , , . 
On a gravel or flint road, in a wet muddy state , . 


Description of Road, 

Force, in 
ifes. , re- 
quired to 
move a ton. 

On a well-made pavement 

33 

On a road made with 6 inches of broken stone of great hardness, ) 


laid either on a foundation of large stones, set in the form > 

1 46 

of a pavement, or upon a bottoming of concrete ) 


On an old flint road, or a road made with a thick coating of) 

1 65 

broken stone, laid on earth { 


On a road made with a thick coating of gravel, laid on earth ... 

147 


Sir John Macneill has also given the following arbitrary formulae for calculating 
the resistance to traction on various kinds of roads : they have been deduced from a 
considerable number of experiments made on the different kinds of road specified 
below, with carriages moving at various velocities. Putting R for the force required 
to move the carriage, W the weight of the carriage, that of the load, all expressed 
in Ibs., 1 ? the velocity in feet per second, and ca constant number, which depends 
upon the surface over which the carriage is drawn, and the value of which for several 
different kinds of road is as follows — 
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simplify tlie question, let us suppose tlie wliole weiglit to be supported on one pair 
of wheels, and that the tractive force is applied in a direction parallel to the surface 
of the road. On this supposition let A b (fig. 3) represent a portion of an inclined 

road, 0 being a carriage just sustained in its posi- 
tion by a force acting in the direction on mow it 
is evident that the carriage is kept in its position 
by three forces ; namely, by its own weight (equal 
w) acting ill the vertical direction o f, by the 
force (equal f) applied in the direction o n parallel 
to the surface of the road, and by the pressure 
(equal p) which the carriage exerts against the 
surface of the road acting in the direction o f, 
perpendicular to the same. To determine the 
relative magnitude of these three forces, draw the horizontal line a g, and the vertical 
one B 0 ; then, since the two lines o f and b a are parallel, and are both cut by the 
line A B, they must make the two angles o f e and a b g equal ; also the two angles 
0 E F and A G B are equal, being both right angles ; therefore the remaining angles 
FOB and BAG are equal, and the two triangles o p i and A b G are similar. 
And as the three sides of the former are proportional to the three forces by which 
the carriage is sustained, so also are the three sides of the latter, namely, A n, or the 
length of the road is proportional to w, or the weight of the carriage, b g, or the 
vertical rise in the same to f, or the force required to sustain the carriage on the 
incline, and A g or the hoiizontal distance in which this rise occurs to p, or the force 
■with which the carriage presses upon the surface of the road. 

• We have, therefore, 

W:AB;;F:ai5, 
andW : AB ; *. P :AGi-. 

And if we make a g such a length that the vertical rise of the road is exactly 1 foot, 
we shall have 

.... "VY 

^ ~ AB~ '^£(^ '+1 = ^ (®') 

and =!LA£_=-W. cos j8 . . . . (4.) 

AB VAO^ + l 

in which iQ is the angle B A G. 

These formulas reduced to verbal rules are as follows : 

To find the force requisite to sustain a carriage upon an inclined road {the effects 
of friction being negUefed), divide the weight of the carriage, including its load, by 
the inclined length of the road, the vertical rise of which is 1 foot, and the quotient 
is the force required. 

To find the pressure of a carriage against the surface of an inclined road^ 
multiply the weight of the loaded carriage by the horizontal length of the road, and 
divide the imoduct by the inclined length of the same ; the quotient is the pressure 
required • 

Example. — ^What is the force required to sustain a carriage weighing 3270 lbs. 
upon a road the inclination of which is 1 in 30, and what is the pressure of the 
same upon the surface of the road ? 

Here the horizontal length of the road (A G) being 30, the inclined length 
(A V aTg® + 1) is 30'017, and we have, by the first rule, 3270-~'30'017 = 
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108*93 R>s, fortlie force required to sustain tbe carriage on the road; and, hy the 
second rule, (3270 x 30) 30-017 = 3269*9 lbs. for the pressure of the carriage 

upon the surface of the road. 

Since the pressure of a carriage on a sloping road is found, hy multiplying its 
weight by the horizontal length of the road and dividing by the inclined length, and 
as the former is always less than the latter, it follows that the force with which a 
carriage hears upon an inclined road is less than its actual weight, as will he seen in 
the foregoing example, in which it is about 2 lbs. less : unless, however, the inclina- 
tion is very steep, it is not necessary to calculate the pressure, which may he assumed 
to he equal to the weight of the carriage. 

If R expresses the resistance which has to he overcome in moving any particular 
carriage at a given rate upon a horizontal road, then R + F will he the resistance 
upon ascending a hill, and R— F upon descending a hill, with the same velocity, in 
both eases neglecting the decrease in the weight of the carriage produced hy the 
inclination of the road. Taking, however, this decrease into consideration, the 
following modification in the formula (1) and (2) will be requisite to adapt them to 
an inclined road— 


105-3 lbs. ; 
30 


which, added to the force already found at page 305 as being requisite to move the 
same coach on a level road, will he (105*3 4 - 131 ’1=) 236*4 lbs. for the force 
required to move the coach with a velocity of 9 feet per second an inclination of 
1 in 30 ; and subtracted from the same, will he (131*1— 105*3==) 25*8 lbs., the force 
required to move the coach with the same velocity the same inclination. 

The same example worked hy formula (6) will give 


/2060 + 1100 
V 100 


-9995 + (2060 + 1100) ‘0333 + 8 x 9= 236*3 lbs. 


when the carriage is drawn up the incline, and 


/2060 + 1100 


•9995-.(2060 + 1100) *0333 + 8 x 9 ^ 


: 25*84 lbs. 


R=:YZ-i_^ if V cosiS +(W + -«?). sin3 + . . (6) 

V 100 + 40 / 

the ’upper sign being taken when the vehicle is drawn down the incline, and the 
lower when it is drawn up the same. 

Neglecting the decrease in the weight of the carriage, in order to ascertain the 
resistance in passing up or down a hill, we have only to calculate by the rule already 
given at page 305, the resistance on a level road, to which, if the carriage ascends the 
hill, we must add, or if it descends, subtract, the force requisite to sustain the carriage 
on the inclined road, calculated hy the I’ule already given -. the sum or difference, as 

the case may he, will express the resistance required. 

As an example, let us take, as before, the case of a stage coach weighing 2060 Xbs.> 
besides a load of 1100 lbs., and having to he moved at a velocity of 9 feet per second, 
along a broken stone road whose surface is covered with dust, and inclined at the 
rate of 1 in 80. 

Then the force to sustain the coach on this slope will he 


R= cos jS "JI (W + z«) . sin j3 + c v . 

in the case of a common stage waggon, and in that of a stage coach. 
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when the carriage is drawn down the incline, the result being the same as that gwen 


by the rule. 

The following Table has been calculated in order to shew with sufficient exactness 
for most practical purposes the force required to draw carriages over incHned roads, 
and the comparative advantage of such roads and those which are perfectly level. 
The first column expresses the rate of inclination, and the second the equivalent 
angle ; the two next columns contain the force requisite to draw a common stage 
waggon weighing with its load 6 tons, at a velocity of 4*4 feet per second (or 3 miles 
per hour) along a macadamized road in its usual state, both when the hill ascends 
and when it descends; the fifth and sixth columns contain the length of level road 
which would be equivalent to a mile in length of the inclined road, that is, the length 
which would require the same mechanical force to be expended in drawing the 
waggon over it as would be necessary to draw it over a mile of the inclined road. 
The four next columns contain the same information as the four last described, only 
with reference to a stage coach supposed to weigh with its load 3 tons, and to travel 

at the rate of 8 '8 feet per second, or 6 miles per hour. 

The Table may be also considered as affording a view of the comparative 
disadvantage of hilly roads with light and heavy traffic ; the stage waggon, weighing 
6 tons and travelling at the speed of S miles per hour, may be taken as a fair average 
for goods traffic, and. the stage coach, w^eighing 3 tons and running 6 miles an hour, 
for passenger traffic. From the Table we perceive that bfils act much more 
unfavourably on tbe former than on the latter. The force which would be reqiusite 
to move the waggon on a level road would be 264 lbs., and that to move the coach 
S62 lbs., being an excess of 98 lbs. or the traction of the coach; but with a road 
inclined at the rate of 1 in 600, this excess is only (373 -286 = ) 87 lbs., and when 
the inclination of the road amounts to about 1 in 70 the forces required to draw them 
become equal, : as the inclination of the road increases beyond this, the excess of the 
force requisite to draw the waggon over that necessary to move the coach increases 
rapidly (as will be seen in the Table), until, at an inclination of I in 7, it amounts to 



(2162-1308=) 854 lbs. 

If we compare the forces required to draw either the waggon or coacb up and down 
any given incline, we shall find that the former is as much greater than the force 
required on a level road as the latter is less than the same : it might thence be 
concluded that in the case of a vehicle passing alternately along the road, no real loss 
would be occasioned by tbe inclination of the road, since as much power would be 
gained in the descent of the hill as was lost in its ascent. Such is not, however, 
practically the fact, for while the inclinations of the road render it necessary in the 
ascending journey to have either a greater number or more powerful horses than would 
be requisite if the road were entirely level, no corresponding reduction can be made in 
the descending journey ; we must still have horses sufficient to draw the vehicle along 
the level portions of the road ; nor will (generally speaking) the horses have less to do 
in descending the hill, since they have frequently to push back, to prevent the speed 
of the coach becoming accelerated beyond tbe bounds of safety. 

In a practical point of view, therefore, we may consider that the fifth and ninth 
columns in the following Table express the length of level road which would be 
equivalent to a mile of road with the stated inclination, the former giving the result 
for heavy traffic, and the latter for passenger traffic. Opposite 1 in 75, we find m 
tbe ninth column 1*247 mile, or nearly a mile and a quarter, stated as the length of 
a road having that inclination which would he equivalent to one mile of a similar 
road perfectly level, because the same force would be requisite to move a coach 
and load of 3 tons at a velocity of 6 miles per hour along one as along the other. 







338 EOADs. 

Although, liowever, they might be considered equal as far as the power requisite for 
traction was concerned, in other respects one might he more advantageous than the 
other ; as, for instance, the shorter road would cost least for repairing, and would 
occupy least time in heing passed over. The Table, therefore, merely expresses the 
equivalent length as far as the mechanical power required for the traction is 
concerned ; the relative merits in other respects depending generally upon so many 
various circumstances as to render it quite impossible to lay down any specific rules 
for their determination. 

We shall now return to the subject of the selection of route, and proceed to explain 
the coiirse which should be pursued to obtain the requisite data, to enable a correct 
determination to be arrived at. 

In laying out a new line of road, the first proceeding is usually, after a general 
examination of the Country, to lay down upon the best map which can be procured 
one or more lines, for the purpose of being more carefully examined. If possessed 
of a contour map of the district, such as we have described, tliis proceeding will be 
greatly facilitated ; we shall, however, suppose that such is not the case, since there 
are very few instances in wMch a road-maker would be likely to find such a plan for 
his use. His next proceeding should be, to make an accurate survey of the lands 
through which the several lines that he has sketched out pass, which should he 
afterwards plotted, or laid do'wn to such a scale as will allow the smallest* features to 
be shewn with sufficient accuracy and distinctness : a scale of 10 chains to the inch 
for the open country, with enlarged plans of towns and villages upon a scale of 3 
chains to the inch, will generally be found sufficient. Careful levels should also be 
taken along the course of each line, and at certain distances (depending upon tbe 
nature of the country) lines of levels should be taken at right angles with the original 
line. In taking these levels the heights of all existing roads, rivers, streams, or 
canals, should be noted, and bench marjcs should be left at least every half mile, that 
is, marks made on any fixed object, such as a gate-post, or the side of a house or 
barn, &e., the exact height of which is ascertained, and registered in the level-book, 
so that, in case of a deviation being made in any portion of the line, the levels of 
that part may he taken without the necessity of again going over the other parts of 
the line. A section should be formed from these levels, having the same horizontal 
scale as the general plan, and such a vertical scale as will shew with distinctness the 
inequalities of the ground : if the horizontal scale is 10 chains to the inch, the 
vertical scale may be 20 feet to the inch. 

Eig. 4 (p. 312) is supposed to be such a plan as we have described, plotted on a scale 
of 10 chains to the inch, and shewing a district through which it is wished to form 
a road : we have shewn one line running nearly straight across the plan, and a 
deviation therefrom, which, although longer, would run on more favourable ground. 
Figs. 5 and 6 (pp, 313, 314) are sections shewing the levels of the surface, the former 
on the straight line, and the latter on the deviation from it. We have shewn in 
these sections and on the plan the information which will be requisite in enabling the 
Engineer to lay down the course of the road, and to arrange the position and dimen- 
sions of the various culverts, bridges, and other works belonging to the same. 

By reference to these drawings, it will be seen (fig. 4) that the straight line has 
to cross a stream at b, and the river twice at o and n ; and also that it must pass 
from B to over a swamp or morass of such a nature that, if a solid embankment is 
formed, it is probable that a very large quantity of ground will be absorbed beyond 
what the section would indicate ; added to which, from the river being liable to be 
flooded, it will be necessary to form bridges with several capacious openings at those 
points where the intended road crosses the river. These disadvantages attending the 
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more obvious route would induce tbe Engineer to sketch out some other line, by 
which they would be avoided. And he would then have the levels taken, and the 
requisite information, to enable him to choose between the two. 

( The manner in which the sections should be drawn, and the information to be 
given upon them, are shewn in figs, and 6. In addition to which the following 
data should be obtained, and entered either in the survey field-book or in the level- 
book. 

?' At the point b (fig. 4) the line crosses a stream 8 feet in width and 1 foot deep ; 

in flood this stream brings down a considerable quantity of water. 

At the point o on the section the river is mnch narrower and not so deep as at 
other places, in consequence of a great portion of its waters finding a passage through 
the marshy ground on either side. Its width is Id feet ; and its depth 2 feet ; the_ 
velocity of its current is 95 feet per minute ; the height of its surface at the present 
time is 80*10 feet above the datum ; and the angle of skew which the course of the 
stream makes with the line of the road is 62 degrees. 

At the point B the river is 27 feet wide, and 24 feet in depth ; its velocity 87 feet 
I per minute ; the height of its surface above the datum 29*96 feet ; and the angle of 

skew 49 degrees. 

The ground from b to n is of a very soft boggy nature and full of water, 
i The height to which the river has risen during the highest flood known, at the 

bridge at ¥ on the plan, is 35 feet above the datum ; the waterway at that time was 
I 90 feet, and the sectional area of the openings through which the water then flowed 

I was 650 square feet. The same flood at the lower bridge, at 0 on the plan, was 

1 86*3 feet above the datum ; the waterway was 102 feet, and the sectional area nearly 
600 square feet. 

The deviation line only crosses one stream at m on the plan and section. The 
present width of this stream is 15 feet, and its depth 18 inches ; but in times of flood 
it rises to the same height as the river, and brings down a large body of water. The 
present height of its surface above the datum is 31*25 feet, and the angle which its 
course makes with the line of road 85 degrees. 

I We have introduced the foregoing in order to shew the kind of data which should 

be obtained by those engaged in taking the levels and survey for road-making.* 

A cross section should also be taken of each of the existing roads near their junc- 
tion with the intended road ; the use of which is to shew to what extent, if any, the 
levels of the existing roads might be altered, the better to suit that of the new 
road. 

' Possessed of the sections, figs. 5 and 6, we next proceed to lay down the line of the 

, road, or, in other words, to determine the levels at which it shall be formed. As it 

is desirable that the road should always be dry, it should he at least a foot above the 
level of the flood ; and if kept at 37 *25 feet above the datum, which is the height of 
the existing road at I, ive shall effect this object. Upon drawing a line at this level 
upon the section, we perceive that an embankment will have to be formed from the 
road at i, across the valley to the point where this line meets the ground at k, and 
that the remainder of the road from K to H will be in a cutting. Kow the obvious 
principle, in arranging the levels of a road, would be so to adjust the cuttings and 
embankments that the ground taken from one should form the other. In the present 



instance, however, this is impossible, because the level of the road is determined by 
other circumstances, and necessitates the formation of a very long embankment with 


* Tlio information relative to the rivers crossed, such as is given above, should alv^ays bo 
obtained, in order tlisit the bridges constructed over them may be adequate for the passage of 
the water brought down in time of floods. 
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Junction with 
existing Bead. 


will commence will be 200 feet from h, the diiBference of level being i feet. We have 
therefore to add to the other disadvantages already mentioned, as belonging to the 
straight line of road, that of requiring the formation of a large embankment, and the 


necessity of making an excavation in some other place, to afford the earth for that 
purpose. 

We will now examine the section of the deviation line, and see what improvement 
can be thereby effected. We must, as before, keep the level of the lowest portion of 
the road 37*25 feet above the datum ; and if we draw a line at that level on the 
section, fig. 6, we shall find that the quantity of embankment is very much reduced, 


Fig. 5. 
a7*25. 


Junction with\ 
existing Boad. J 


Eiver, 


Stream. 


Biver. 


Stream. 


ROADS, 



and that; tliere will now l^e no difficulty in adjasting tlie cutting 'between h and n, so 
as exactly to afford the amount of filling required. A few trials will shew that if 
the line be kept at the same leTel until within 16 chains of h, and then carried up 


Junction witlil 
existing Road. ] 


Stream. 


Junction with! 1 i ' - ■ - : --- — I 

existing Road. ) I 41’25 

it a regular inclination, this object wiU he effected, and that the amount of cutting 
and embankment will be Tery nearly equal. This latter will therefore he the line 
which the Engineer would select as the best; and haying done so he would proceed 
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to mark the course of the road on the ground, hy driving a stake into the ground on 
its centre line at every chain (or 66 feet) ; he would then take very careful levels of 
the height of the ground at every one of these points, and at any intermediate point, 
where any undulation or change of level occurred, and wherever the level of the 
ground varied to any extent in a direction at right angles with the course of the road, 
he would take levels from which to make transverse or cross sections of the ground. 

From these levels a working section should he made, having a horizontal scale of not 
less than 6 chains to the inch, and a vertical scale of 20 feet to the inch ; a portion of the 
section plotted to these scales is shewn in fig, 7 : the level of the surface of the ground 
above the datum, at every chain at the points where stakes have been driven into the 
ground, should be figured in on the section, as shewn in the column A, and the depth 
of cutting or height of embankment, at the same points, should be given in another 
column, B, This last column is obtained by taking the difierenee between the level 
of the surface of the ground and the level of the road. It will be observed that upon 
the section there are two parallel lines drawn as representing the line of road : the 
upper line is intended to represent the upper surface of the road when finished, while 
the lower thick line represents what is termed iltXQ formation surf ace, ox to 

which the surface of the ground is to be formed, to receive the foundation of the 
road: in the section we have made the formation 15 inches below the finished 
surface of the road, which will therefore be the thickness of the road itself. All the 
dimensions on the section are understood to refer to the formation level ; and the 
height of the latter above the datum should be figured in wherever a change in its 
rate of inclination takes place, which should he marked by a stronger vertical line 
being there drawn, as shewn at c. 

When the cuttings are of any depth, trial pits should he sunk at about every 
10 chains to the depth of the intended cutting, in order to ascertain the nature of the 
ground, and to determine the slopes at which the sides of the cutting would safely 
stand ; and also at what slopes the same earth would stand when formed into the 
embankments. The cuttings and embankments should then be numbered on the 
section, and the slopes intended to be given to each stated upon the same. The 
contents of the cutting or embankment, that is, the number of cubic yards which will 
have to be moved for its formation, with the intended slope, should then he calcu- 
lated and stated upon the section. The manner of calculating these quantities will 
be subsequently explained. 

Wherever rivers or streams are crossed, bridges or culverts must be introduced, 
and of these detail drawings should he prepared, and reference made to them on the 
working section. 

A working plan should also be constructed on the same horizontal scale as the 
section, upon which the position of the centre stakes should be shewn; and on this 
plan the road should he drawn in of its con’ect width on its upper suiface, and 
another line shewing the foot of the slopes. The stakes on the plan should be 
numbered consecutively, to facilitate reference to any part of the line, and the width 
of land required at every stake should be calculated in the manner which we are about 
to describe, and entered in a kind of Table, from which the width of land required for 
the purpose of the road may be ascertained at every chain. We will suppose that in 
the present case the finished width of the road itself is to be 40 feet, and that an 
additional 6 feet will be required on each side for the ditch and bank ; we have then 
26 feet as the side width of the road without any slopes, or where the road is on the 
same level as the ground, and we shall observe that in the Table in p. 317, wherever 
. there is no cutting or embankment (as at stakes Nos. 1 and 30), this is the width 
given in the fourth column, To find the heights at the other stakes, we must add to 
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tlie fourtli columB. After tlie 21st stake we leave the cutting, and the ratio of tlie 
slopes then becomes IJ to 1 ; we have then to add one and a half times the height 
I of the embankment, and then in like manner obtain the numbers in the fourth 

} '''column. . .. 


No.' of 
stake on 
the plan. 

Depth of 
cutting. 

Height of 
embank- 
ment. 

Distance of 
side fence 
from cen- 
tre line. 

No. of 
stake on 
the plan. 

Depth of 
cutting. 

Height of 
embank- 
ment. 

Distance of 
side fence 
ftom cen- 
ti*e line. 


Feet. 

Feet. 

Feet. 


Feet. 

Feet. 

Feet. 

1 

0-06 


26-0 

17 

2*33 

— 

28*3 

2 

0*58 


26*6 

18 

2*52 

. . ;■ ■ 

28*5 

3 

0-93 

■■ ' 

26*9 

19 

2*20 

■ ■. 

28*2 

4 

1-20 

— 

27*2 

20 

1*60 

. 

27*6 

5 

1-56 

. '' — ■ 

27*6 

21 

0*75 

— 

26-8 

6 

1*91 


27*9 

22 

— 

0-55 

26*8^ 

7 

2-04 


28*0 

23 

— 

2*20 

29*3 

8 

1*87 

' — . 

27*9 

24 

— :■ 

3*52 

31*3 

9 

1-90 

— 

27-9 

25 

— ■ 

4*00 

32*0 

10 

2*07 1 


28*1 

26 


3*79 

31*7 

11 

2*17 

— 

28*2 

27 

— ' 

2*60 

29*9 

12 

2-35 

— 

28*4 

23 

— 

1*25 

27*9 

13 

2-30 

— 

28*3 

29 

— 

0*30 

26*5 

14 

2*25 

— 

28*3 

30 > 

— . i 

0*00 

26*0 

15 

2-50 

— 

28*5 

31 

— 

0*33 

26*5 

16 

2*05 

— 

28*1 






I After ascertaining the side widths as above, the next operation is to set out the 

same on the ground, driving in another stake at every chain at the correct distance 
on each side of the centre one. A grip about 4 or 5 inches wide should then be cut 
from stake to stake, so as to mark both the centre and sides of the road upon the 
ground by a continuous line. The side lines thus set out, it must be remembered, 
are not the foot of the slopes, but include 6 feet on each side for a bank and ditch ; 

: another stake should therefore be driven at every chain, 6 feet within the outer stakes 

on each side, and another grip cut to mark the foot of the slopes. 

( A strong post should next be fixed into the ground upon the centre line wherever 
a change in the inclination of the road takes place (as at the 17th stake in the pre- 
sent instance), upon which a cross piece should *be placed at the intended height of 
^ the formation surface of the road, and intermediate heights should be put up at such 

distances as will enable the workmen to keep the embankments to their proper level. 
In cuttings, pits must be sunk in a similar manner, at certain intervals, to the depth 
of the formation surface, to serve as guides to the excavators in forming the cutting. 


SECTION n. — ON THE SECTION OS’ KOADS. 


' 


Where hills or gradients are necessary, they should he made as easy as possible ; 
and although with all hills a certain amount of additional power must be required to 
draw a carriage up them, so long as the inclination is within certain limits, the hilly 
road may be considered as safe as a level one would be. This limit depends upon the 
nature and condition of the surface of the road, and is attained in any particular case 
when the inclination of the road is made equal to the limiting angle of resistance for 
the materials composing its surface, — that is, when it is such that a carriage, once set 
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Force in lbs. 
required to 
move a ton. 

Dimiting 
angle of 
resistance. 

Greatest incli- 
nation which 
should be given 
to the road. 

B3 

0 50 

1 in 68 

46 

1 11 

1 in 49 

65 

1 40 

1 in34 

147 

3 45 

linlS 


in motion on tte road, wonld continue its descent witliont any additional force lieing 
applied. As soon as this limit is passed, the carriage wonld descend with an accele- 
rated velocity, unless the horses or other moving force were employed to restrain it ; 
and although in such a case the nse of adrag, hy increasing the resistance, would in 
a measure obviate the danger, yet the injury done to the surface of the road by the 
use of the drag renders it desirable to dispense with if altogether. The following 
Table, taken from the second volume of the ‘Kudiments of Civil Bngineering,’ shows 
the rate of incUnation at which this limit is attained on the various kinds of roads 
mentioned in the first column. The values of the resistances on which this Table is 
calculated are those given by Sir J ohn Macneill; and already quoted at page 305. 


Description of the Road. 


Well-laid pavement . . . 

Broken stone surface on a bottom of rougli ) 
pavement or concrete . . • 

Broken stone surface laid on an old flint road 
Gravel road . . . . . 


The Table of Gradients (p. 319) will he found of considerable value in laying out 
and arranging roads j tbe first column contains the gradient, expressed in the ratio of 
the height to tke length ; the two next, tbe vertical rise in a mile and a chain 
respectively ; the fourth column, the angle (j8, page 306) of inclination with the hori- 
zontal ; and the last column, the sine of the same angle, which is inserted for facili** 
tating the calculation of the resistances occasioned by the gradient. 

We next come to the subject of the width and transverse form which should he 
given to roads. As regards the first, the width to be given to the road, we should 
certainly recommend a udde road,* it is an error to suppose that the cost of repairing 
a road depends entirely upon the extent of its surface, and conseq,uently increases 
just as we increase its width ; the cost per mile of road depends more upon the 
extent and nature of the traffic, and unless extremes be taken, it may be asserted 
that the same quantity of material would be necessary for the repair of a road, 
whether wide or narrow, which was subjected to the same amount of traffic j with 
the narrow road, the traffic, being confined more to one track, would wear the road 
more severely than when spread over a larger surface ; the expense of spreading the 
material over the wider road would be somewhat greater, but the cost of the mate- 
rials might be taken as the same. One of the advantages of a wide road is that the 
wind and sun exercise more influence in keeping its surface dry- The first cost of a 
wide road is certainly greater than that of a narrow one, and that nearly in the ratio 
. of its increased width. 

For roads situated between towns of any importance, and exposed to much traffic, 
the width should certainly not be less than 30 feet, besides a footpath of 6 feet ; and 
in the immediate vicinity of large towns and cities, the width should be still further 
increased. No specific rules can, however, be given for the width in such situations ; 
experience will soon show what width is requisite iu any given situation. 

The form to he given to the cross section of a road is a subject of much import- 
ance, and one upon which much difference of opinion exists. Some advocate a con- 
siderable curvature in the upper surface of the road, with the view of facilitating the 
drainage of its surface j while others (and those the majority) are averse to a road 
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■being mnoli curved, for reasons hereafter stated. Again, it is tie practice of some to 
form the road on a flat surface transvei'sely ; while others propose giving a dip to 
the formation surface each way from the centre, on the supposition that the drainage 
of the road will be thereby facilitated. 
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1 35 28 
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1 30 27 
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18 7 
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13 8 
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8 6 
2 30 
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10*6 

•13 

0 

6 63 

*00200 

9 9 

99 

525 

10*1 

•12 

0 

6 33 

•00191 

550 

9*6 

*12 

0 

6 15 

•00182 

9 9 

575 

9*2 

•n 

0 

5 59 

*00174 

99 

600 

8*8 

•11 

0 

5 44 

■00167 


Now it must be obvious to all, that the only advantage resulting from curving the 
transverse section of the road is allowing the water, which would otherwise collect 
upon its surface, to drain freely off into the side ditches. It has been urged by some, 
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that in laying on fresh material upon a road it is necessary to keep the centre much 
higher than the sides ; hecanse, in consequence of the majority of carriages using the 
centre of the road, that portion will wear quicker than the sides, and, unless made 
originally much higher, when so worn it will necessarily form a hollow or depression, 
from which the water cannot drain. Now, it is entirely overlooked by those who 
advance this argument, that the only reason why carriages use the centre in preference 
to the sides of a road, is hecanse of its rounding form, it bemg only in that situation 
that the carriage stands upright : if the road were comparatively flat, every portion 
would he equally used ; hut on very convex roads, the centre is the only portion on 
which it is safe to travel. 

The drainage of the surface of the road is then the only useful purpose which will 
he answered by making it convex; and even this in but a very imperfect manner, 
in consequence of the irregularities and roughness found even in the best roads. 
The surface of a road is much more efliciently drained by a small inclination in the 
direction of its length than by a much greater transverse slope. On this subject 
Mr. Walker has very justly remarked,* Clearing the road of water is best secured 
by selecting a course for the road which is not horizontally level, so that the surface 
of the road may, in its longitudinal section, form, in some degree, an inclined plane ; 
and when this cannot he obtained, owing to the extreme flatness of the country, an 
artificial inclination may generally be made. When a road is so formed, every wheel- 
track that is made, being in the line of inclination, becomes a channel for carrying 
off the water much move effectually than can he done by a curvature in the cross 
section or rise in the middle of the road, without the danger or other disadvantages 
which necessarily attend the rounding a road much in the middle. I consider a fall 
of about inch in 10 feet to he a minimum in this case, if it he attainable without 
a great deal of extra expense.” While, then, the advantages attending the extreme 
convexity of roads is so small, the disadvantages are considerable : on roads so oon- 
struoted, vehicles must either keep upon the crown of the road, and so occasion an 
excessive and unequal wear of its surface, or use the sides, with the liability of being 
overturned. The evidence of coach-masters and others, taken before the Com- 
mittee of the House of Commons, and appended to the Report already quoted, quite 
bears out the view here taken, and shows that many accidents and much danger have 
arisen from the practice of forming roads with an excessive amount of convexity.— - 
; ' (See'flg._8.) 

In making the above remarks, we must be understood as only disapproving of 
the practice (which has been but too prevalent) of forming roads with cross sections 
rounding in an extreme degree, and not as advocating a perfectly, or nearly, flat 
road, as many, who have fallen into the opposite error, have done. We should 
recommend, as the best form which could be given to a road, that its cross section 
should be formed of two straight Hues iuclined at the rate of about 1 in 30, and 
united at the centre or crown of the road by a segment of a circle having a radius 
of about 90 feet. This form of section is shown in fig. 8, and the rate of inclination 
there givenis quite sufficient to keep the surface of a i*oad drained, provided it is 
in good order and free from ruts ; if such is not the case, no amount of convexity 
which could he given to the road would he of any avail, as the water would still 
remain in the hollows or furrows. 

The form of cross section suggested in the figure is equally adapted to all widths of 
road, as the straight lines have merely to be extended at the same rate of inclination, 
until they meet the sides of the road. 

* Parliamentary Report, 1819, p. 48. 
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The foregoing remarks apply only to the exterior or upper surface of g_ 

the finished road j with regard to the form which should he given to 
the bed upon which the road is to he foi'med, a similar difference of I 
opinion exists as to whether it should he flat or rounding. In this case 
we are of opinion that, except where tlie surface upon which the road has 
to he formed is a strong clay or other soil impervious to water, no benefit J 

will result, as far as drainage is concerned, in making the formation sur- X 

face or bed of the road convex. It should be borne in mind that after the / 
road materials are laid upon the formation surface, and have been for some 
time subjected to the pressure of heavy vehicles passing over them, they 
become, to a certain extent, intermixed ; the road materials are forced 
down into the soil, and the soil works up amongst the stones, and the 
original line of separation becomes entirely lost. If the surface upon 
which the road materials were laid were to remain a distinct flat Surface, 
perfectly even and regular, and into which the road materials could not ^ 

he forced, then it would he of use to give such an inclination to it as ^ 

w^ould allow any water wdiich might find its way through the crust or a 

covering of the road to run off to the sides of the same ; although, even ^ 

then, it would have to force a passage between the road mateidals and 
the surface on which they rest : such is, how^'ever, as we have already 
remarked, far from being tbe case ; and therefore it must he obvious, T ’ 
except under peculiar circumstances, that no water which had found its ^ j 
way through the hard compact surface of the road itself would | 

arrested by the comparatively soft surface of its bed, and carried off into r ^ 

the side ditches, whatever slope might be given to it. While, however, [ 

we believe that, as far as drainage is concerned, it is useless to form the 
bed or formation surface of the road with a transverse slope, we should, 
nevertheless, give it the same, or nearly the same, form as that which we ® 
have just recommended for its upper finished surface, with the object of .S 
making the two surfaces parallel, and so giving an equal depth of road 
material over every portion of the road. In this respect we do not ^ 
agree with some road-makers, who not only recommend a less depth of 
road materials to be put on tbe sides than on the centre of the road, | 

hut further advise that an inferior description of material should there be | 

employed. | 

Too much attention cannot he paid to the drainage of roads, both as | 
regards their upper surface and that of the substratum on which they kj 

rest. To assist the surface-drainage, the road should be formed with 
the transverse section shown in the annexed figure, and on each side X 

of the road a ditch should he formed of sufficient capacity to receive J 

all water which can fall upon the road, and of such a depth, and with 
a sufficient declivity, to conduct the same freely away. When footpaths / 

have to be constructed on the sides of the road, a channel or watercourse j 

should be formed between them, and small drains formed of tiles or 
earthen tubes (such as are used for under-draining lands) should be laid under 
the footpath, at such a level as to take off all the w'ater which may collect in this 
channel, and convey it into the ditch. In the best-constructed roads, these side 
channels should he paved with flints or pebbles; the drains under the footpath 
should he introduced about every 60 feet, and should have the same inclination (viz, 
1 in 30) as that recommended for the sides of the road : a greater inclination 
would he objectionable. It is a very frequent mistake to give too great a fall to 
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When a road with footpaths is under'drained in the manner which we have just 
described, it will not he necessary to form drains from the side channel under the 
footpath into the ditch, as shown in fig. 8, hut merely to carry up a little shaft, 
consti’ueted in the same way as the drain, from the drain to the channel, covering the 


small drains, the only effect of which is to produce such a current through them as 
to wash away or undermine the ground around them, and ultimately cause their 
own destruction. When a drain is once closed by any obstruction, no amount of fall 
which could be given to it would again clear the passage ; while a drain with a con- 
siderable current through it would he much more likely to be stopped from foreign matter 
being carried into it, which a less rapid stream could not have transported there. 

In the case of a road whose surface was drained in the way which we have jus-^ 
described, and which surface was composed of proper materials in a compact state^ 
very little water would fitnd its way through to the substratum ; with some descrip- 
tions of soil, however, it would be desirable to adopt means for maintaining the 
foundation of a road in a dry state, as, for instance, when the surface was a strong 
clay through which no water could percolate, or when the ground beneath the road 
was naturally of a soft, wet, or peaty nature. Under such circumstances it would be 
desirable to provide fer its proper drainage by a species of under-drainage. As soon 
as the surface of the ground had been formed to the level intended for the reception 
of the road materials, trenches should be formed across the road, from 1 foot to 18 
inches in depth, and about 1 foot wide at the bottom, the sides being sloped as 
shown in fig. 9, The distances at which these drains ought to he formed would 

Pig. 9.— Formation Surface. 


depend in a great measure on the nature of the soil : in the case of a strong clay 
soil, or one naturally very wet, there should be one about every 20 feet, and this 
distance might be increased as the ground became firmer or drier. In these trenches, 
a drain not less than 4 inches square internally should then he formed either of old 
bricks, drain-tiles, flat stones, or in any other mode used for under-drains, and the 
remainder of the trench should be filled with coarse stones free from all clay or dirt, 
in the manner shown in fig. 9. Of course these drains must have a fall given them 
from the centre of the road into the ditches on either side ; an inclination of I in 30 
will be sufficient. When the road is level in the direction of its length, these drains 
should run straight across ; but on those portions of the road which are inclined the 
drains should he formed as shown on the plan, fig. 10, somew^hat in the form of a very 
fiat v, the point being in the centre of the road, and the drains making an acute 
angle with the line of the road, in the direction in which it falls : the amount of 
this angle should not he greater than is shown in the figure. 

Fig, 10. 



■r . 


same witli a small grating, to preyent leaves or otlier siilistaiices, wMch miglit choice 
the drain, being carried into it. Tins method of forming the drains is sliov'n at 
A in fig. 11. 

. . ■: ,, , Figll. : 

■ , "V . ■ ■ 

SECTION nr.-— ON THE OONSTRUOTION OB' EOADS. 

On this subject a great difference of opinion exists. By a few, amongst 
whom we may mention Mr. McA.dam, it has been maintained that a 
yielding and soft foundation for a road is better than one wMck is firm j 

and unyielding ; and be bas gone so far as to say that be should rather 
prefer a soft one to a bard one,” and even a bog, ‘Mf it, was not such a j 

bog as would not allow a man to walk over it.” * The principles upon j 

which this opinion was founded were, that the road on the soft founda- 
tion being more yielding or elastic, the materials of which the covering I 

of the road was formed would be less likely to be crushed and worn 
away by the passage of a heavy traffic over them than when jdaced on a 
hard solid. The contrary opinion is, however, that which has received 
the lai’gest number of advocates, and is that which we ourselves hold; 
and we feel assured that there is no more general cause of bad roads 
than their being formed upon a soft foundation. We would most strongly 'i 

urge the necessity of securing a firm, solid, and dry substratum for the ^ 

I’oad materials to rest upon; and we are quite satisfied that, however 
good the materials themselves may be, and however much care may be § 

bestowed upon the manner in which they are put on, unless a good 
foundation has been previously prepared, the whole of the materials and 
labour will be only thrown away. The outer surface of the road should 
be regarded merely as a covering to protect the actual working road be- ^ 
neatb, which latter should he sufficiently firm and substantial to support w 
the whole of the traffic to which it may be exposed. The real use of the 
road materials laid over it should be only to protect this actual road from 
being worn and injured by the horses’ feet and the wheels, or from the ! 

action of the weather. And this lower, qic suh-foady as it may be called, . ji 

being once properly constructed, would last for ever, merely the outer LJj 
case or covering requiring to be renewed from time to time, so as always 
to preserve a sufficient depth for the protection of the sub-road, < 

We may very conveniently class roads according to the manner in 
which their foundations are formed, as follows ; 

1st, Eoads having no artificial foundation, but in which the covering 
materials are laid on the ground. 

2nd, Eoads having a foundation of concrete. x. 1 

3rd, Eoads having a paved foundation. xjl 

And each of these might he again divided according to the kind of 
material employed as a covering. J 

Tiie first of these classes will certainly contain by far the larg^'st pro- 
portion of the roads in this country. But it should only be employed in 
cases where the importance of the road is not sufficient to warrant any ( 

large expenditure, and when the amount of traffic to be anticipated is ' 

small ; for we are certainly of opinion that it is a very mistaken economy which 
would incur a large permanent annual outlay for repairs, to save in the original cost 
of constructing the road ; and we are satisfied that, in this sense, a road with a paved 

I’arliamcntary Eeport, 1819, p. 23, 





, d 


352 


EOADS. 


or concrete foundation will always be found less expensive than one formed witbout 
suck a foundation. 

Wkere, kowevei'^ circumstances may render it necessary to construct a road upon 
tke natxiral surface of the ground, every care should be taken to make it as solid as 
possible. If the ground is at all of a soft or wet nature, deep ditches should be cut 
on each side of the line of the road, and cross under-drains should be formed in the 
manner already described ; and where the ground is very soft, a layer of fagots or 
brushwood, from 4 to 6 inches in depth, should he laid over the surface of the ground 
before laying on the road materials. In cases of embankments, or where the ground 
under the road has been recently deposited, the surface should he either roiled or 
/ that is, beaten with heavy beetles, so as to insure as great a degree of 
solidity as possible. The same mode of proceeding should he followed even where it is 
intended to form either a paved or concrete foundation ; for, as before remarked, too 
much care cannot be bestowed on that part of the road. 

The employment of concrete composed of gravel and lime was first proposed by 
Mr. Thomas Hughes, and the following remarks upon its use are quoted from his 
work on Roads.* 

*‘The use of lime concrete, although an introduction of modern times, and cer- 
tainly one of rather a novel character, derives its real origin from a very remote 
period. We have indisputable evidence that the Romans, in constructing their mili- 
tary ways, particularly in France, adopted the practice of forming a concrete founda- 
tion composed of gravel and lime, on ^hich also they placed large stones as a 
pavement. The ^consequence of a construction so solid has been, that, in many parts 
of Europe, the original bed or crust of the Roman roads is not at the present day 
entirely worn down, even after a lapse of fifteen centuries. 

‘‘With the view of affording a modern example in which lime concrete has been 
used, I would refer to the Brixton Road, "where a concrete composed of gravel and 
lime has been recently applied by Mr, Charles Penfold, Surveyor to the Trust, In this 
case the proportion of gravel to lime is that of four to one. The lime is obtained 
from Merstham or Dorking, and, before being used, is thoroughly ground to powder. 
The concrete is made on the surface of the road, and great care taken, when the 
water is added, that every particle of the lime is properly slacked and saturated. The 
bed of concrete having been spread to the depth of 6 inches over the half-breadth of 
the road, the surface is then covered over with 6 inches of good hard gravel or 
broken stone, and this depth is laid on in two courses of 3 inches at a time, the first 
course being frequently laid on a few hours after the concrete has been placed in the 
road. The carriages, however, are not on any account allowed to pass over it until 
the concrete has become sufficiently hard and solid to carry the traffic without suffer- 
ing the road material to sink and be pressed into the body of concrete. On the other 
hand, the covering of gravel is always laid on before the concrete has become quite 
hard, in order to admit of a more perfect binding and junction between the two beds 
than would take place if the concrete were suffered to become hard before laying on 
the first covering. The beneficial effect arising from the practice of laying on the 
gravel exactly at the proper time is, that the lower stones, pressed by their own 
weight, and by those above them, sink xjartially into the concrete, and thus remain 
fixed in a matrix, ffrom which they could not easily he dislodged. The low^er pebbles 
being thus fixed, and their rolling motion consequently prevented, an immediate 
tendency to bind is communicated to the rest of the material, — a fact which must be 
evident, if we consider that the state called biryding, or rather that produced by the 


* * The Practice of Making and Repairing Roads/ p. 44. 
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"binding, is notlaing more tlian tlie solidity arising from the complete fixing and. 
wedging of every part of the covering, so that the pebbles no longer possess the 
power of moving about and rubbing against each other. It is found that in a very 
few days after the first layer has been run upon, the other, or top covering, may be 
applied ; and, shortly afterwards, the concrete and the whole body of road material 
becomes perfectly solid from top to bottom. The contrast thus presented to 
the length of time and trouble required to effect the binding of road materials where 
the whole mass is laid on loose, is alone a very strong recommendation in favour of 


the concrete. 

The experiment of using concrete on the Brixton Eoad, although not at present 
on a, very extensive scale, has been tried under circumstances very far from being 
favourable, and on a part of the road which had hitherto baffled every attempt to 
mate it solid. Since the concrete has been laid down, however, there is not a firmer 
‘ piece of road in the whole Trust ; and, from, the success of this and other trials made 

^ by Mr. Penfold, but which I have not seen, I believe it is his intention to recommend 

it, in a general and extensive way, to several Trusts under whom he acts.” 

Mr. Penfold himself states the result of an experiment made by him upon the 
i Walworth Road. “ It was raised by 9 inches of concrete and 6 of granite and Kentish 

rag-stone mixed, and in some parts it was covered by rag and flints. The improve- 
i ment is so great with respect to the draught, and so desirable with respect to the 

! saving in the annual repair, that the Trust have directed it to be applied to upwards 

of two miles of road upon which the greatest traffic exists.” * 

One of the ijrinoipal advantages attending the employment of concrete as a founda- 
; tion for roads is, that in this manner a good and solid road may be made with 

materials, such as round pebbly gravel, which, in any otber mode of application, 
would be but very ill-suited to the purpose, and would form a very imperfect road. 

[i And this description of gravel is that which is by far the most frequently met with. 

I The gravel selected for this purpose should be free from any kind of dirt, clay, or 

other impurity, and should consist of stones and sand, mixed in about such propor- 
' tions that the latter would just fill the interstices of the former. The gravel should 

then be mixed with the proper quantity of ground unslacked lime ; in ordinary cases 
! five or six parts of gravel and one of lime will be found to answer; after which, 

sufficient water being added to effect the slacking of the lime, the whole should be 
quickly, but thoroughly, mixed up, and then immediately thrown into place, and 
trimmed off at once to the proper form intended to be given to its upper surface ; the 
first layer of broken stones, or screened gravel, as the case may be, should then, as 
Mr. Hughes directs, be put over just at that period when the concrete is about to set, 
and which time a very few trials will suffice to determine. 

The other mode of forming an artificial foundation, to which we have alluded, was 
■ introduced by Mr. Telford, and consists in forming a rough pavement on the top of 
the formation surface, -wffiich is afterwards covered by the road materials. The 
following is an extract from one of Mr. Telford’s specifications for a portion of the 
I Holyhead Road: “Upon the level bed prepared for the road materials, a bottom 

s course, or layer of stones, is to be set by hand, in form of a close firm pavement ; the 

; stones set in the middle of the road are to be 7 inches in depth ; at 9 feet from the 

centre, 5 inches ; at 12 feet from the centre, 4 inches ; and at 15 feet, 3 inches. 

^ They are to be set on their broadest edges lengthwise across the road, and the breadth 


of the upper edge is not to exceed 4 inches in any case. All the irregularities of the 
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Tipper part of tlie said pavement are to be broken off by tlie bammer, and all tbe 
interstices to be filled with stone chips, firmly wedged or packed by band, with a 
light hammer; so that, when the whole pavement is finished, there shall be a con- 
vexity of 4 inches in the breadth of 15 feet from the centre.” * 

The stone which Telford employed for this purpose was generally such as would 
have been totally unfit for most other purposes, both on account of its inferior 
quality and from the smallness of its dimensions. 

In comparing the relative merits of these two methods of forming the foundations 
of roads, due regard must be had to the nature of the materials found in the locality 
in which the road has to be formed. Where stone is plentiful and easily procured, 
the paved foundation would be the best; while, in a neighbourhood where stone is 
scarce, hut gravel and lime abundant, the preference must be given to the concrete 
foundation. 

The foundation of the road having been prepared in either of the modes which we 
have described, the next proceeding is to form a fii'm and compact covering to pro- 
tect the foundation from being injured, and to form a smooth surface for carnages to . 
travel upon. Kow, in order to fulfil this double office efficiently, the materials of 
which this covering is composed should possess the property of becoming quickly 
united into one solid mass, whose surface should be smooth and hard, and, at the 
same time, not liable to be broken to pieces, or ground into dust, by the wheels or 
the horses’ feet. All the materials which have been applied for this purpose belong 
to one of two kinds, — •either angular fragments of broken stone of different sorts, or 
gravelly pebbles more or less round ; and it is essential to the formation of a good 
road that the distinction here pointed out be kept always clearly in view, because a 
totally different mode of proceeding must be adopted to form a perfect road with 
these two classes of material. The want of attention to the distinction which we 
here point out has led to much discussion and misapprehension upon the subject of 
employing clay, chalk, or other material, as a binding upon roads. 

If the materials of which the road covering is to be formed are in angular masses, 
then no binding of any description is requisite, as it is found that they quickly become 
united by dovetailing, as it were, amongst each othei', and that in a much firmer 
manner than they would become by the use of any kind of artificial cement. 

When, however, the stones, instead of being angular, are round and pebbly, like 
gravel-stones, it then becomes necessary to mix with them just sufficient foreign 
matter, of a binding nature, to fill up the interstices between the stones, which other- 
wise would roll about and prevent the road from becoming solid. 

We bave, then, two methods of cementing or solidifying the surface of a road: one* 
by the mechanical form of the materials themselves forming a species of bond ; the 
other, hy the use of some cementing or binding matter. And in comparing the 
relative merits of the two, the preference must certainly be given to the former, — that 
in which the stones are caused to unite from their dovetail form, without the use of 
any cementing material. The principal reason for giving this preference is, that roads 
formed with stones so united are not affected materially by wet or frosty weather ; 
whereas those whose surfaces are composed of pebbly stones united by some cementing 
material become loose and rotten under such circumstances, from the cementing 
material becoming softened by the wet, and reduced to a loose pulverulent state hy 
subsequent frost. 

Tbe first method, that of forming the road covering entirely with angular pieces of 
stone, without any other material, was first strongly recommended hy Mr. McAdam, 
and all subsequent experience has shown its superiority over every other which has 

■* Sir H. Parnell on Koads, p. 133. 
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I been employed. Tbe most important quality in stone for road-maMng is ; 

f mere hardness mtbout toughness is of no use, as such stone becomes rapidly reduced 

I to powder by the action of the wheels. Those stones which have been found to 

answer this purpose best are the whinstones, basalts, granites, and beach pebbles. 

I The softer descriptions of stone, such as the sandstones, are not fitted for this purpose, 

\ being far too weak to resist the crushing action of the wheels. The harder and 

I more compact limestones may be employed j but, generally speaking, the limestones 

j are to be avoided, in consequence of their great aifinity for water, which causes them, 

in frosty weather which has been preceded by wet, to split up into a pulverulent 
J state, and destroys the solidity of the road. 

\ Next in importance to the quality of the stone is its proper preparation : this con- 

sists in reducing it to angular fragments of such a size that they will pass freely through 
[ aring of 2| inches in diameter in every direction; that is, that their largest dimen- 

j sions shall not exceed that measure. The stone, having been thus prepared, should 

’ then be evenly spread over the surface prepared for the foundation of the road to the 

j depth of about 6 inches ; and the road should then be opened for traffic. In Mr. 

I Telford’s specifications, he usually directed that on the top of this coating of hroken 

I stone a layer of good clean gravel, about an inch and a half in depth, should he 

spread before throwing the road open for use. .The reason for this practice was, to 
i lessen the extreme unevenness of the surface, and to render the road more pleasant 

[ to pass over when first opened. It would he better, however, for the public to put 

I up with the tempomy inconvenience of a rough road, because the gravel does a pei*- 

manent injury to the road, and lessens in a considerable degree the property which 
, the stones possess of uniting into a compact solid mass. 

' Broken stone, being so superior to gravel for the purpose of road-making, should 

; always be employed where it can he easily obtained. There are, however, many 

I situations in which gravel is the only available material. The quality of gravel varies 

, so considerably, that while some kinds may, when properly prepared, form a very 

f excellent road, others may be entirely worthless : of this last are those kinds of 

gravel the stones composing which are of the sandstones and flints, for even these 

I last, although hard, are so excessively brittle as to be immediately crushed by the 

passing of the wheels over them. The gravel, when taken from the pit, should be 
passed over a screen which will allow all stones less than three-quarters of an inch to 
;* pass through it, and the fine stuff, ox hoggin, as it is technically termed, thus obtained 

i should be reserved for forming the footpaths ; the remainder, which has not passed 


through the screen, should have all the stones whose greatest dimension is more than 
2 1 inches removed and broken, and it would be desirable that these broken stones 
should be reserved for the upper layer. In screening the gravel, especially as it first 
comes out of the pit, a certain portion of loam will generally be found to adhere to 
the stones, and this should by no means be separated from them ; fbr, as we have 
already mentioned, although angular broken stones require no extraneous substance 
to cause them to bind, the case is different with the pebbles, of which most gravel is 
composed, which require a certain amount of loam, clay, or chalk, to fill up the 
interstices between the stones, and prevent them from being rolled about, as they 
otherwise would be. On this subject Mr, Hughes has made some observations so 
much to the purpose that we cannot do better than quote them : ^ 

In laying on this upper covering, many surveyors commit a great error in not 
making a distinct difference between angular or broken stones and those rounded 
smooth pebbles of which gravel is usually composed. The former cannot be too well 

‘ITlie Practice of Making and Repairing Roads/ p. 15. 
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cleaned before being laid on tbe road, because, eren when entirely divested of all 
earthy matter, they soon become wedged and bound closely together when the pres- 
sure of carriages comes upon them. But the ease is different with the smooth round 
surfaces of gravel; for if this material be entirely cleaned by means of washing and 
repeated siftings, the pebbles will never bind, until in a great measure they become 
ground and worn down by the constant pressure and rubbing against each other. 
Before this tabes place, the surface of the road must be considerably weakened, and 
will, in fact, be incapable of supporting the pressure of heavy wheels, which conse- 
quently sink into it, and meet with considerable resistance to their progress. Under 
these circumstances, it seems that the practice of too scrupulously cleaning the 
rounded pebbles of gravel must be decidedly condemned ; and the question then 
arises, to what extent should the cleaning process be dispensed with ; or, in other 
words, what proportion of the binding material found in the rough gravel, as taken 
out of the pit, should be allowed to remain in the mass intended to be placed on the 
road ? * * * A long course of experience, accompanied by attentive observations on 
these details in the practice of road-making, has convinced me that it is much better 
and safer, as a general rule, to leave too much of the binding material in the gravel 
than to divest it too completely of this substance. When the gravel is placed on a 
road without being sufficiently cleaned, the constant wear and tear, aided by the 
occurrence of wet weather, causes the harder material or actual gravel to be pressed 
close together ; and the surplus of soft binding material remaining after the inter- 
stices between the pebbles are filled up, being then forced to the top, and usually 
mixed with water, becomes mud, and, according to the usual practice, should be 
scraped to tbe sides of the road. When this has been done, the surface is usually 
firm and solid, because the bard gravel below the mud has become perfectly bound, 
without, at the same time, being broken or ground to pieces. Suppose, next, a road 
covered with gravel too much cleaned, where it is evident that the destruction 
of the gravel will continue until it becomes broken into angular pieces, and a sufficient 
quantity of pulverized material has been formed to hold the stones in their places, 
and thus to effect the binding of the mass. I need hardly say, that the deterioration 
thus occasioned to the road is an evil of much more importance, and one much more 
to he avoided, than that occasioned by employing stones not sufficiently cleaned. 
Eegardless of all this, however, it is the practice of many road-surveyors to insist that 
all gravel, of whatever quality, shall be rendered perfectly clean by repeated siftings, 
and even by washing, until it becomes entirely divested of all that may properly be 
considered the binding part of the material.” 

The gravel, when thus prepared by screening, should belaid on and spread to a 
uniform depth of not more than 6 inches over the whole road, which may then he 
thrown open to the use of the public ; particular care and attention, however, is 
required to be given to new roads when first opened for traffic ; a sufficient number 
of men should be employed to keep every rut raked in the moment it appears ; and 
guards or fenders should he placed on the road, to oblige the vehicles to pass over 
every part of its surface in turn. If these precautions are not taken, years may elapse 
before the road attains a firm condition ; and many roads have been permanently 
ruined through the want of proper attention when first used. When ruts are once 
formed, every succeeding vehicle using the road keeps in the same track, deepening 
and increasing the rut, which in wet weather becoznes filled with water, which, 
having no other means of escape, slowly penetrates the sides and bottom of the rut, 
rendering them so soft as to he still further acted upon by each succeeding carriage. 
These ruts once formed, a much larger outlay is required to repair the injury thau 
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•would liave prevented its occurrence, besides tbe inconvenience, danger, and expense 
to tbe public, in being obliged to travel on a road when in such a condition. 

Amongst the substances which we stated might be mixed with clean gravel to 
enable it to bind was chalk. Now, we think it necessary to say a few words on the 
use of chalk on roads, as some misapprehension exists on the subject, and many 
roads have been ruined from its improper -use. There are two modes in which chalk 
may be advantageously employed in the construction of roads. It may be laid in the 
very bottom of the road, to form the foundation, hut it must he at such a depth as to 
he entirely beyond the influence of frost, otherwise it will quickly destroy the road ; 
for chalk has a very powerful affinity for water, or rather, to speak more correctly» 
capillary attraction for it, in consequence of which it readily absorbs all the moisture 
which finds its way through the road covering ; and herein consists its value, if judi- 
ciously applied, for the water thus absorbed would otherwise have penetrated to the 
foundation of the road, and rendei-ed it soft. If, however, the chalk be placed within 
the infiuence of frost, the water, which is only mechanically held by the chalk, will, 
in the act of congealing, expand, and by so doing rend the chalk into a thousand 
fragments, and reduce it, in fact, to a pulverulent state, which the succeeding thaw- 
changes into a soft paste or mud. The other purpose for which chalk may be 
employed is, as already mentioned, to be mixed with gravel in order to make it 
bind : in using chalk, however, for this purpose, it should be borne in mind that it is 
only required when the gravel is perfectly clean and free from other binding matter ; 
tbe mixing it with gravel already containing sufficient clay or loam is not only useless, 
hut is positively injurious ; and even when the gi-avel is of such a nature as to require 
being mixed with chalk, great care should be taken not to add too much, for it is 
not with chalk as with the loam or clay with which gravel is naturally combined ; 
the latter, generally speaking, possesses little power of absorbing water, but the 
superabundant chalk would soon be reduced to the state of a soft paste by the action 
of the weather, in the manner which we have just described. Chalk, therefore, if 
used as a binding material with gravel on the surface of roads, should he reduced to a 
state of powder, and should he perfectly and thoroughly mixed with the gravel before 
the latter is spread on the road. 


We would also remark here, that although we have recommended the use of 
bushes or bundles of fagots to form the foundation of roads over very soft or boggy 
ground, they should only be employed in such situations, and at such a depth below 
the surface, as will insure their always being damp ; for when in a situation where 
they would be alternately wet and dry, they would quickly become rotten, and form a 
soft stratum beneath the road. 


PART 11. — MAINTENANCE OF MACADAMIZED ROADS.^ 

The general extension of railways over all the leading lines of communication 
throughout the kingdom has greatly tended to withdraw the interest of the public 
from the consideration that had previously been given to the construction and main- 
tenance of the ordinary roads ; a sudden check was i)ut on the progress of improve- 
ment, and the systems for those important operations remain where they were some 
fifteen or twenty years ago, when they had by no means arrived at perfection. 

It is not assumed that any novelty is to be introduced into the old principles for 
the maintenance of macadamized roads, but the extent to which it is considered that 
they ought to be carried out is not recognized, or, at least, practised. 


By General Sir John Burgoyne, Bait., G.C.B. 
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The cMef features of proposed improvement are-^ 

1st, The keeping the tobA perfectly clear of dust, dirt, or of any unconnected 
matter over the crust of consolidated broken stone. 

2nd, Minute repairs to the surface, in small patches, immediately on the* appear- 
ance of any want of form or substance. 

Previous to entering into the question of maintaining a road, we ought to suppose 
it to be, in the first instance, in a proper state. 

There are two very important requisites for a road, without which it ought not to 
he considered, if a new road, as completed, or, if an old one, as efficient ; one of 
which is generally much neglected, and the other entirely. The one is thorough 
drainage ; the other, the consolidation, as part of the work, of any great mass of new- 
laid stone. 

It is very rare, indeed, that a road is thoroughly drained. If it has a longitudinal 
drain on each side, in which the water does not remain at any time standing so high 
as the lowest part of the cross section of the road, it is considered to be adequately 
drained ; but it is suggested that under many circumstances it may fail to be so, and 
that instances may be constantly seen where such drainage is quite insufficient, as in 
the following cases : 

1. Where along flat ground, the water remains in the di*ain for lengthened periods, 
up to within a few inches of the level of the road, the moisture will soak through, 
be retained under the surface of the road, and cause it to be soft and heavy. 

2. Where the road is wide between these drains, viz. from SO to 60 feet, or up- 
wards, and the soil at all retentive of moisture, the wet will he long in passing off. 

In the drainage of lands for agricultural purposes, on the system practised by Mr, 
Smith, of Deanston, which is generally received as judicious, 18 feet is a usual 
distance between his covered drains, while SO and 40 are extreme distances ; and, 
ceitainly, it is far more important to under-drain a road. 

3. If there are springs, or any degree of filtration of water not cut off hy the side 
drains, in the bed of the road, theory says, and even specifications require, that they 
should be drained ofl*, but in practice it is seldom attended to. 

4. The flatness that is now given to all roads is 'such as will not admit the water 
to run off them, unless it falls in very large quantities, and then only partially, or 
unless the road be very smooth, hard, and perfect in shape. Even the slight curve 
that is required is very seldom preserved in the habitual maintenance of the road, 
certainly not in the firm, part of it, if any can be called so. 

If a road is to be kept in the ordinary inefficient condition, it would be decidedly 
better to give a greater curvatxire to its cross section than usual, notwithstanding the 
evils attending it. 

5. All the water that falls on the sheets of loose broken stone, which always lie a 
considerable time before they are consolidated, disappears, it is true, from the sur- 
face, but soaks on to the under stratum, and is by so much the worse, as it is in some 
degree retained by the consistency of the hollow in the remaining crust of the road. 

6. It is rare that water has so free a passage as it ought from the water-tables, 
through the footpaths or other obstructions. 

7. Lastly, it is not uncommon for the gullets for passing small watercourses under 
the road to be quite insufficient in number or dimensions. 

These defects are almost universal : to remedy them thoroughly, that is, to a degree 
far greater than is now usually thought to be at all necessary, would cost much less 
than the wear and tear occasioned by their existence ; and, indeed, without their 
being tTwroughly provided against, no labour or expense will keep the road in a first- 
rate degree of perfection* 
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It is this, perhaps, more than any other circumstance, that renders it most difficult 
hy any expenditure to keep a macadamized roadway in the greatly frequented streets 
of large towns in any sound state during a continuance of very wet weather. 

With regard to the second requisite, namely, the consolidation of the broken stone 
on new roads, (or in cases of extensive repairs,) before they are given up for the 
general traffic, no road ought to be considered to be finished until thoroughly rolled, 
that is, to a degree that will admit of horses in draught trotting over it without much 
extra exertion. 

As this is seldom if ever attended-to, the propriety of its adoption requires some 
distinct explanation and arguments, which will he found at the end of this article. 

The great advantage of maintaining roads in good condition, as a measui'e of 
economy, has frequently been adverted to, but cannot be too often repeated or too 
strongly enforced, particularly since it is little attended to in practice. 

Without going into the question minutely, perhaps the following, as a single illus^ 
tration, will not be considered overstrained : 

. Suppose the work of every horse on any given road be calcnlated at twenty miles 
daily journey upon it, and that the services required he regulated by the number of 
horses applied, it is probable that the difference in the state of a road that would 
enable four horses instead of five to do any given amount of work would not be so 
great as most persons might imagine. 

The calculation may be made in various different ways ; distances traversed, or 
loads conveyed, or rates of speed, may be varied according to the goodness or defects 
of the road ; the supposed result, however, by any mode of reasoning, is, that four- 
fifths the amount of animal labour should be able to do the work in one case, that 
would require one-fifth more in the other. 

Supposing the number of horses employed to be equal to an average of eighty 
daily, over twenty miles of the inferior road, * then sixteen horses (or one-fifth) might 
he spared if the road were improved to the condition contemplated on the above cal- 
culation. 

Suppose also the value of each horse to be estimated at £45 per annum for his 
purchase, feeding, care, harness, &o.,t there would be an available amount of £680 
per annum for the improvement and maintenance of this twenty miles of road at its 
superior state, or £34 per mile. 

If it could be shown that an increased expenditure on the road, not exceeding that 
amount would have the effect of placing and maintaining it in the superior condition, 
it must decidedly be true policy that it should be incurred, not only on account of 
the one ingredient of reduction of animal labour, but on many others on which it is 
not easy to put a money value, — ^such as wear and tear of carriages and harness ; 
greater degree of lightness and ease that maybe given to the carriages; saving* of 
time by increased degrees of speed that would be adopted for traffic of all kinds, hut 
particularly for passengers ; greater freedom from mud or dust ; reduction of cruelty 
to animals, which by no process can be so gi'eat on a good as on a bad road ; im- 
proved business in the district, and increased traffic that would be brought on the 
road by the additional facility and comfort it afforded, with very many others. 

This argument has reference to the question as regards the public generally, with- 


* Equivalent to the work of a single horse over 1600 miles, including the amount traversed 
by every horse over every part of this 20 miles. 

t It is submitted that ^£45 per annum can hardly bo deemed high ; it would probably 
amount to that average by the addition of a horse to every carriage ; but when it is considered 
that most of them are single-horse vehicles, each additional horse in those cases would require 
an additional carriage and driver. 



360 


KOADS. 



out consideration of what parties are to pay for the expenditure, or what parties are 
to receive the benefit,— a consideration that, unfortunately, frequently leads to many 
impolitic proceedings. 

In Ireland, for instance, where the roads are maintained by county assessment, tlie 
amount of funds granted has chiefly reference to the weight of the tax, and not to 
the necessity of the case, or the indirect advantages to the community from good 
roads. 

The first principle to be established should he the most beneficial and economical 
system for the country generally, and afterwards to regulate the just apportionment 
and the manner in which the necessary funds are to be raised. 

It is not the object of this article to go into the question of how that is to be done, 
but it may be stated m that the turnpike system, on the fallacious reason of 

thorn who me the roadpaymg for it^ is considered to be by no means judicious or 
equitable. ■ 

In treating of the condition of a road, the present intention is merely to consider 
how to preserve its surface, without reference to any question of how it may have 
been carried through the country, or of its hills, &c.,— matters that have more relation 
to construction than to maintenance. 

A road in superior condition is assumed to be one that has always a hard and even 
surface, with curvature just sufficient for the water to run off, without even small 
hollows in which it will lodge, without mud in wet weather, or dust in dry, and at no 
time with extensive patches of the usual sized broken stone newly laid upon it. 

The inferior road is precisely the reverse of this in its qualities, but the degree of 
inferiority cannot be very accurately defined : it may, for the purpose of this argu- 
ment, he considered such as would, generally speaking, he termed, more or less, a 
heavy or rough road. 

The time when the relative condition of roads is most clearly to be perceived is in 
very wet weather ; the good will then he still quite hard, with no inequalities, no 
dirt, no puddles ; it will be as a good road in summer recently watered. 

The inferior will he muddy, in numerous puddles, rough, or soft and heavy. 

It has been endeavoured to be shown that it would he good policy and economical 
to expend a considerable additional sum annually in improving and maintaining the 
road in the superior manner, if not to be effected without such extra expenditure. 

A road have at least three or foxu- inches of stoning upon it, or, if not very 
firm, wheels will in parts cut down to the subsoil, and it will be impassable. 

As the stone, therefore, is worn down to dust or mud, it must he renewed in at 
least equal quantities. 

This is all, therefore, that is absolutely necessary to enable carriages to make use 
of it \ and by an erroneous inference, which it would appear, judging by the ordinary 
course of proceeding, is general, it is considered that the cheapest mode of main- 
taining a road in a condition to be merely passable, is to do no more than lay down 
stone along it, just before it aiTives at its minimum thickness. 

It seems also to be considered, that whatever improvement is made beyond that 
state, in the goodness of the road, as a measure of convenience, or for the economy of 
the working power on it, must be at the sacrifice of some direct increase of expense 
upon the road. 

There is, however, great reason to believe that by a proper system the greatest 
improvements might be made at very little, if any, increased outlay. 

It would be manifestly a subject of great importance to prove and establish such a 
position. 

On a thoroughly good road, the wear is even, gradual, and very slow ; the carriages 
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work indiscriminately oyer every part, but suck a condition must be narrowly 
watclied, for if left to itself, slight ineq^ualities are formed, each, of wliicb tends 
to a more rapid wear of the road ; and in proportion to the length of time that these 
are allowed to continue and increase, and the less frequent and more extensive are 
the repairs, by so much will he the injury done by each carriage : thus, in the hrst 
case, where the traffic of one week may do, in a given distance, ten shillings’ worth 
of injury, in the worst of the latter it may do damage to the value of twelve or 
fifteen ; if, therefore, it can be maintained at once in the better condition at the higher 
rate, though the ultimate expense is the same, yet we have the good road instead of 
the had. 

Independent of the constant perfect efficiency of the drainage, and that a good form 
of cross section be preserved at every application on the surface, there are two leading 
operations to he regulated, — namely, the removal of the produce of the wear, in the 
shape of dust or mud, and the application of fresh material to replace the loss. 

First, with regard to the dust or mud, arising from wear or other causes. In 
roads that are much neglected, this waste matter is never removed ; in such cases, 
unless under very favourable circumstances of original good construction, very perfect 
drainage, great exposure to the sun and wind, and small traffic on it, the road will he 
very dusty in dry, and very muddy in wet weather, all which not only tend to make 
it heavy to the draught, and to create inequalities, hut to increase greatly the 
grinding operation of the wheels, and consequently more rapidly to consume the 
material. 

From such a state of absolute neglect, various gradations may be adopted ; first, to 
a partial removal, at long intervals of time, when there shall be a great accumulation ; 
thence to a more frequent removal, up to the best system, namely, that of constant 
n.iiQ'n.iioii, md an entire ;prev€oition of any percejitihle coUectioii. In the first case, 
scrapers of different materials and forms are used, or shovels and birch brooms, till, 
in tbe latter, the broom alone may be sufficient. 

The waste matter from the wear of the road (always injurious if left upon it) may 
’ be removed as dust or as mud ; — in the former state, however, with much greater 

facility and advantage. As dust, it is removed before it has done much injury ; it is 
lighter and easier to collect ; a broom, which is the implement to be used, does not 
derauge tbe surface, as a scraper may in the removal of mud ; — the scraping away of 
mud will leave much that will form dust, while sweeping away the dust will leave 
nothing for mud. 

Unfortunately, however, the climate of England and Ireland, by the proportion of 
wet as compared with dry weather, would not admit of this removal of dust to any 
very great extent ; still the principle would be adhered to as much as possible, and at 
j all events no accnmulation of either dust or mud should be allowed, 

f The constant sweeping away of the dust or soft mud may be deemed the pre- 

vention of evil j the occasional scraping away the stiff mud in quantities, the remedy 
■''for.it. ■ ■ ■■ ■ 

I The manner of supplying the material for preserving the necessary thickness for 

the crust of a road, will also admit of great variation from the worst system, which 
is that of waiting till the surface has lost its shape, is covered with mud and pools of 
water, to which a thick covering of stone, broken to the usual dimensions, is applied 
over extensive distances, and there left to he worn down by the carriages that casually 
pass it. 

This necessarily produces very heavy draught, — chance of injury to horses’ feet, — 
a very slow formation and consolidation, a great deal of displacement of material, and 
extra grinding and wear and tear ; and thus the road is periodically rendered almost 
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■unfit for transit by tbe very operation tbat is called its repair, and ultimately remains 

a mis-sbapen fixing of not half the q,uantity laid down. 

On that system improvements ai-e introduced by more freejnent pateMng in smaller 
quantities at a time, up to tbat wbicb maybe deemed tbe most perfect, namely, a 
constant watebing, and tbe application oi wry small patches of stone hrolcen fine, 
carefully supplied to tbe small bellows, as they shall successively be formed, and to 
places where tbe shape or strength shall be deficient, these parts being loosened with 
a picb, and the fresh material rammed down* into them, and attended to carefully 
till finally consolidated. 

It is very evident that instead of all the grinding and crushing of the material which 
attends the passage of wheels over the soft rough road, the friction and consequent 

wear on that ■which is perfectly even and hard must be 

Fnder the system here recommended as the best, there will be, no doubt, some 
additional manual labour requisite on the same time a most decided 

saving of material and in the carriage of it; and in cases of tolerably frequented 
roads, or where material is distant, and therefore costly, perhaps it may be said 
generally, the saving on that item will be greater than the extra expenditure on the 
other ; thus obtaining an absolute rediicimi of outlay to procure the perfect road, and 
what is of advantage in almost every country where it can be effected without extra 
expense, increased 'work for the labouring population of the vicinity ; that is, the 
substitution of manual labour for the employment of material and animals, f It may 
almost be asserted, that under a thorough good system, the better the road is, the less 
will be the outlay upon it. 

Many of the above remarks have been suggested by some very interesting papers 
v#itten by Mons. L. Dumas and other Drench engineers of the Corps des Ponts et 
Chauss6es. 

They state many facts which establish in a great degree the gradual improvement of 
S 3 ’’Stem and the soundness of these principles. 

The following took place ■with respect to the high roads (Eoutes Eoyales) of the 
D^artement de la Sarthe, somewhat less than 250 miles in extent 

. , 'Per Mne.; 

In 1793 a demand was made to put them in complete order . £15,280 or £60 

In 1824 the demand was about • . . . . , 9, 000 ,, 36 

lnl836 n „ . . . . . . . 7,760 „ 31 

In l839 , . • , 6,640 ,, 26 

And the roads have become better concurrently with the reduction of cost in main- 
tenance, iroin being in 1793 in deep ruts, to 1889, when they were in very good 

; .order.',,. ■ • ■ ■ 

Part of the great road between Lyons and Toulouse, till 1833, was always in a 
dreadful state, and yet cost habitually about £110 per annum per English mile for 
maintenance, when M. Bertliault Ducreux introduced a system of patching instead of 
general repairs ; since ■when, the road was gradually improved, till it was in a rery 
good state, and the annual expense reduced by £13 or £14 per mile. 


* Loosening tlio surface with a pick whenever ne'w material is laid on is quite necessary when 
a road ; those who argue that it is unnecessary or wrong, must refer to roads that are soft, 
in which case it ■wiU he more readily pressed into it, and then also the stone may ho broken larger. 

t It is not meant to convey the idea that the j)rocuruig of material and oven the carting is 
not attended also by a great proportion of manual labour, but to a smaller amount in equal 
expenditures, and much of it tc a different and superior class. 
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Anotlier instance is quoted, where, prior to 18S7, the average amount of broken 
stone laid on 83 miles of road was 6000 cubic yards ; under the improved system in 
1837, 5000 cubic yards were applied, j in 1838, only 1350 cubic yards j and in 1839 
none. ' 

This last case, however, may have been one of those where they have found 
in France the system of heaping masses of broken stone as the only remedy for a 
degraded state of road had led to a great superfluous accumulation of mateidal, in 
many instances amounting to 12 and 15 inches, and in some actually to 3 and even 
4 feet. In such cases they have subsequently gone on for years attending to drainage, 
form, and keeping the road clean, and applying very little or no fresh material for the 
.whole time. 

In another instance the cost has been as follows ; — 


.Year., 

Expenditure. 

Total. 

Material. 

Boad Laboim 




£ 

ISSO 

. 548 ■ 

166 

714 

1831 

563 

188 

751 

1832 

496 

151 

, 647 

1833 

500 

ler 

667 

1834 

43S 

177 

615 

1835 

S9S 

145 

543 

1S36 

380 

160 

540 

1837 

360 

178 

538 

1838 

ISO 

233 

413 

1839 

250 

300 

550 


In 1837, when it was taken up on the new system, the road required considerable 
improvements j in 1840, two-thirds of it were in perfect condition ; and whenever the 
whole might be re-formed, it was calculated that fi-om 56400 to £440 would keep it 
perfect. • ■ , ■ ■ 

But more complete illustrations are to be found in the road from Tours to Caen, in 
La Sarthe, which was in 1836 in so bad a state that an official report of 3rd May of 
that year announced, that without a special credit of £2000 towards it, and ct great 
additional yvovismi of mater ial, there was danger that it would become impassable : 
in January, 1837, it was put under the charge of Monsieur Dumas. 

The expenditure upon it for some years before and after that period was as 
follows 


Year. 

Expenditure. 

. ■ ' . 

Total, 

Material. 

Eoad Labour. 


£f 



1832 

872 

195 

1067 

1833 

708 

205 

913 

1834 

745 

230 

981 

1835 

671 

280 

951 

1836 

684 

293 

977 

1837 

584 , 

504 

1088 

1838 

445 

456 

901 

1839 

412 

420 

832 

1840 

271 

392 

663 

1841 

163 

445 

60S* 


It is worthy of romark, in tho above Tables, how by tho improved mode there is an 
increase of road labour, and a reduction in consumption of material. 
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In Angust, 1838, tHs road was reported to be in a very good state, and since then 
it has become better and better. 

. In 1834, the mail required always five horses, and the road was then, so bad that 
the postmaster lost eleven by the hard work in one year. In 1837 it required four 
and five horses. In 1838 the number of horses was reduced to three ; and in 1843 
there were only two of middling quality, and the postmaster lost none from that 
cause./ 

In this same district, in consequence of the improvement of these roads, since! 839, 
a number of lighter public carriages has been established ; they have now (1843) four 
wheels, are drawn by one horse, carry nine i^assengers, and go between seven and eight 
miles an hour : previously, the carriages for the same number of passengers had two 
wheels, two horses, and went slower. 

There are somewhat less than 45,000 miles of high road in France, over which it 
was reckoned in 1835 that seventy-five horses in draught passed daily, exclusive of 
passenger carriages, each horse drawing an average of one French ton (1000 kilo- 
grammes, equal to about 19| cwt. English) besides the carriage, and the cost of 
drawing of each ton per league (about 24 miles English) was reckoned to be one 
franc (lOd). This would make the expense of the draught of merchandise over the 
high roads in France between 20 and 21 millions of money per annum. 

These French Engineers calculate that there might be a saving of at least one-third, 
say of £7, 000, 000, to the public, by maintaining the roads in the best possible condition, 
from that on which these calculations were made, which they affirm may be done 
without a fractio-n of increased expense ; on the contrary, by a reduction in the expen- 
diture on road repairs. 

So great an effect is not to be produced in Great Britain and Ireland, because the 
high roads are not in so bad a condition as they were in France when this calculation 
was made ; nor is the accumulation of broken stone so great as to admit of abstaining 
altogether from the application of fresh material for a considerable period, as appears 
to have been very much the case in that country on the introduction of this improved 
system. 

But principally there is an advantage there in respect to climate, — -the wet weather 
being only calculated at one-third of the days in the year, and the dry at two-thirds ; 
nor is the material perhaps relatively so cheap as in Great Britain, and consequently 
the saving on that item would be less in this country. 

Still there is very great room for improvement in the system of maintenance of roads 
in the British Islands from even the best now practised, which is by frequent patcbing, 
to that of constant attention, determined prevention of the collection of dust or mud, 
and the application of finely broken stone, carefully blended in with the old in small 
patches on the first appearance of inequalities or deficiency ; and if the variable and 
more damp character of the climate is unfavourable to tbe wear, and to the sweeping 
away of the waste matter in the shape of dust, it affords the advantage at least of pre- 
senting greater opportunities, even in summer, of applying the broken stone, which 
cannot be done during dry weather withont artificial watering. 

The principle of unceasing and minute attention to the road requires a different 
mode of proceeding from that of occasional working at intervals. 

It will require men on constant duty for every part of each district. 

In England, men have been employed on this principle, called milemen^ and with 
great success. 

In France it is very general, if not universal ; they are called cantonniers. 

Such men must reside in the immediate neighbourhood of their district, and, if 
possible, they should be very near the middle of it. 
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I The milemen m Eagland seem to be considered generally as a class of gangsmen, 

'* and have labourers under them in proportiol to the work that may be required at 

different periods. 

In France the cantonnier frequently does all the worh, except on very special 
cases of need, and some importance is attached to allotting snoh portion of road 
to each man as he may be able to attend to by himself, and as -will ^ve him full 
employment. 

The advantages they propose by this is to render the expense more regular,— to 
I, encourage a spirit of pride and emulation among them, and thus stimulate their 

ingenuity and exertions ; the entire and undivided responsibility resting with each. 

What with attention to drains, to the shape and trimming of the road, to the 
removal of loose stones, and to very frequent sweeping, preparing material after it 
may be brought to the places of d6p6t, and applying it where needed (which latter 
; must be done in wet weather), it has been found that the work may be made constant 

and generally pretty regular throughout the whole year. 

Under the French system the extent of road given to each man must be nicely 
regulated, so as to give him Ml employment, and yet not more than he can perform ; 

I and this adjustment is one of the greatest difficulties in the system, as the efficiency 

} and economy of the maintenance will greatly depend upon it : if the district be too 

J large, the man cannot do justice to it ; in that case, some mud, dust, or loose stones 

I must be admitted, or inequalities allowed on the surface ; the question will be how 

much it ought to be, and the regulation becomes indefinite and incomplete : if the 
district be too small, it will not be easily detected, as ho will hardly confess it, or 
perhaps even be aware of it. 

The object of the preceding remarks is to endeavour to establish — 

That to obtain the best of roads requires much more attention than is 

now bestowed upon them ; and that there is great reason to believe, that generally 
this may be done without incurring any additional outlay. 

That the drainage ought to be more effective ; and after that is provided for, the 
^ two leading operations requisite are, 1st, Perfect cleanliness— that is, the removal of 

j all dirt from the road before it has time to collect in any sensible degree ,* 2ndly, The 

j patching of every inequality, so as to preserve the surface perfectly smooth, and to 

provide for the waste in small quantities, and by material of the very best quality 
* that can be had, immediately that the most minute want is perceived. 

If a road that has four inches or more thickness of broken stone upon it is in bad 
condition, the proper process will be, not that ordinarily pursued of immediately 
laying two or three inches of fresh material along its centre, but to commence 
cleaning it of the dust or mud, then to make good the surface to an even and proper 
shape, pick up all the little hollows, fill them with patches of broken stone, and to 
pay subsequently constant attention to those same operations. 

'■ OBSBBTi.MONS A1TI> EXPLAMIONSr) 

The dirt will be removed chiefly by the broom, and will be far more valuable as a 
manure for land than what is now obtained. By removing it rapidly, and keeping 
the surface even and firm, there will be very much less of the stone-dust, whieli, 
except in limestone, causes poorness in the manure ; consequently it will consist 
chiefly of the dung, dead leaves, and other extraneous matter deposited upon- it, 
which is in much greater quantijy than would generally be supposed. This may be 
illustrated by the dirt that is collected, where there is much traffic, even on the best 
pavements, the wear of which is in this respect as nothing. 

It is well known that the more clean and free from dirt the broken Stone laid on 
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roads is, tlie better : by laying it down in repairs on a dirty road, yon are manifestly 
infringing this rule, and mixing np witlUt a qnantity of matter that is tbns acknow- 
ledged to be prejiidieial. 

The employment of the tonghest and best material for the broken stone is of far 
moreimportance on this than on any other system.; the reduction in the quantity 
consumed will, under most circumstances, make np for the excess in its price ; and 
that reduction essentially lessens the amount of every species of the work/ , 

One great advantage of a hard even crust at all times is, that it will bear far 
greater weights with equal thicknesses. An instance is mentioned, in one of the 
French works, of a load of nearly fifteen tons being drawn by thirty-three horses on a 
carriage having wheels of dj-inch tires, over three quarters of a mile of a good 
macadamized road of only four inches thickness of metal, without leaving any per- 
ceptible trace; therefore, a perfect road, kept to an habitual tbiokness of eight 
or nine inches, will not only be sure to be perfectly substantial, but will in times of 
need bear a considerable period of wear and tear without fresh supplies of material ; 
and the reduction being very gradual, there will he a power of materially regulating 
the labour connected with that supply by the demand for it. Thus at present, the 
given quantities of stone must he provided throughout every year and at precise 
periods, whereas by the proposed mode, the supply may be reduced in seasons, or for 
a whole year, when labour is plentiful, and increased when there happens to be distress 
for want of work. 

Where roads are to be kept in such perfect condition by minute attention over 
crery pccri of the surface, it becomes of much more importance that they should not 
he wider between the water-tables than may afford ample space for the traffic ; and 
not widening out irregularly, and without any necessity, as may sometimes be 
witnessed. 

It must not be assumed, in cases where a road is greatly improved, and the outlay 
on it may remain the same, that no saving is effected ; because a necessary consequence 
of an improved road will be increased traffic, and therefore the expenditure will be 
less as compared with the service it renders. 

The cost, however, of mainteuance of roads, as compared one with another, will hy 
no means he always in proportion to the amount of traffic ; among other matters 
tliat will influence it inay be — nature of soil, hills, relative level of road with the 
contiguous land, greater or less exposure to the sim and wind, quality and price 
of broken stone, &c. 

With reference to the regular roadmen, as proposed, some remarks occur. 

They may be selected from the most diligent, trustworthy, and intelligent 
labourers; and as the;y should be retained as a constant establishment, and on 
somewhat superior allowances to the ordinary labourer, the employment will create a 
source of encouragement for that class. 

The work, though constant, will be of a lighter, more cleanly, and healthy 
character than that of the ordinaiy day-labourer on the roads at present, who 
is frequently day after day wading in deep mud. In France they describe having 
some of these constant men {cantamiers) at eighty years of age, in employment on 
reduced districts ; indeed, much of the work is so light that even women or children 
may assist at it. 

The length of road under charge of one man may vary under ordinary cii'cnm- 
stanoes from one to three miles ; in narrow roads very small traffic, this length 
may be increased, and on great outlets to populous places, no one man could probably 
undertake anything like one mile. 

Experience in France seems to show that one man can sweep in dry weather between 
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260 and 270 yards of road of from 15 to 18 feet wide in a middling state, and double 
tbe distance if in a perfeci) state; suppose h^s charge to he one mile and a half, he 
could therefore sweep it all over three or six times per month, if the weather was 
dry, and he had nothing else to do ; in general, however, one or two complete sweep- 
ings per month was found to he adequate, 

Something may he said on the manner of operating on the system here recom- 
mended, and on some of the tools that have been found useful in this mode of 
maintenance. 

Every little inequality or hollow in the road is to he repaired very early, and while 
it is small. It may he observed that these are always of a round or oval form, and 
therefore the square or rectangular patches which the workmen are usually inclined to 
make of them are wrong, and a waste of material. 

Eicking up the surface before the patching with new material is only done to a 
depth of about half an inch, rather more at the edges than in the middle, and if some 
of the finer particles can he raised and laid over the broken stone as blinding, the 
effect wiU be improved. 

The stone for patching should be broken hue (say to I J, or at most 1 J-inch ring) ; 
of those broken to dimensions not exceeding 2 inches, one half or more will ho 
sufficiently small, and the rest can be reduced. 

The use of a rammer and mallet is of great service on new-laid patches of broken 
stone. A rammer weighs from 11 to 22 lbs., with a surface of about 6 iuehos in 
diameter. This is applied to the new-laid material, and gives it a certain degree of 
consistence; the impressions made by the horses’ feet or by wheels are rammed 
to an even surface again, which is far better than ralcing over the inequalities ; if the 
fall of the rammer is not sufficient, a mallet of similar weight and surface enables a 
greater force to be applied. Whether rammed or not, another description of mallet or 
flattener is very useful; it is of from 18 to 22 fbs. in weight, with a surface of 12 
or 13 inches diameter. 

These tools, though inferior to the roller, have been employed very successfully in 
tbe consolidation even of new roads, thus : after the broken stone has been laid in 
proper shape, a very slight sprinkling of gravel, or other fine clean small stuff, 
is spread over it ; as the carriages pass, the rammers are used to level the ruts and 
traces of horses’ feet, &c., instead of raking. In this manner roads have been 
brought into a firm, smooth state in two months, when six were consumed to produce 
the same effect where not rammed. 

Whenever loose stone is to be consolidated, it is absolutely necessary that it 
sbould be wet ; if the weather is dry, there should be artificial watering. Even in 
patcbing tbe road, tbe same should be attended to, if possible ; at least, the con- 
solidation will never take place until tbere is wet. 

After a long period of dry weather, even good roads will begin to loosen ; watering 
and the rammer or flattener will quickly put them to rights. 

The dirt of a road is removed with most facility as dust ; the next most favourable 
state is as very liquid mud, because, in either case, a broom is sufficient for 
collecting it. 

The best qualities of brooms for different circumstances will be readily ascertained 
by experience, and, no doubt, means will be readily found to make brooms of con- 
siderable width, say two or tbree feet, either to be worked by band in the usual way, 
or on wheels in order to facilitate the operation. 

The collection of dirt swept up must be very carefully packed on the side of the 
road, in a manner to form no impediment to the water draining off from the surface, 
and should be carried away altogether 'eery soon. 



ON WATERING EOADS. 

Tiie laying of dust by watering, as is tbe usual practice, instead of removing it, 
is a pernicious and expensive system. 

In tlie first place, it requires the frequent application of large quantities of water, 
and forms at once a mass of mud, as may be frequently witnessed : tins mud tends 
to a more rapid grinding and wear of tbe surface while it lasts; but during very dry 
weather it soon dries up, and requires the operation to be again repeated. It is, in 
fact, instead of removing tbe evil, substituting another for it, and one wliicb requires 
to be constantly renewed. 

If tbe surface were bard, and the dust carefully removed, a very light sprinkling of 
water might he applied to much-frequented roads in dry weather, as a luxury. 

It will be said, perhaps, and may be acknowledged, that sweeping up great quan- 
tities of dust would, in itself, he an intolerable nuisance, but tbe object is to prevent 
any great accumulation, by commencing as soon as it begins to form ; and the sweep- 
ing may he done either in conjunction with a slight watering, or very early in tbe 
morning, when there is little traffic, and little to be disturbed by it, and when the 
dew of the night will tend to prevent its rising so much. 

Where -watering is practised, there are few cases where a very great saving in that 
costly operation might not thus he effected, and applied to the removal of the dust or 
mud. 

ON MACADAMIZED ROADWAYS IN LARGE POPULOUS TOWNS. 

ffhere may be doubts as to the policy of macadamizing streets of cities and popu- 
lous towns, on account of difficulty of perfect drainage ; frequent wants of the full, 
free effect of sun and wind ; and impediment, by reason of the constant great traffic, 
in the way of the necessary perpetual attention to the removal of waste matter and 
application of material. 

It is apprehended that a perfect pavement is eventually cheaper, and altogether 
preferable, excepting in one particular, namely, the noise; the wood pavement is 
subject to inconveniences that have hitherto been insurmountable. 

Dublin may be given as an instance of the effect of macadamization in much- 
frequented streets.* 

The superintending engineers there appear to pay every proper degree of attention 
to their duty ; the ordinary proceedings are practised, and yet it must he confessed 
(1 8 4 S) that the roadways are in a most unsatisfactory coudition, and anything but 
fulfilling the requisites of good roads, namely, being hard^ and ercn, at all 
seasons. On the contrary, they are in winter, or wet weather, habitually covered 
with mud, and in summer they would he as deeply overwhelmed with dust, hut for 
profuse watering ; they have, in fact, at all times, a thick coating of dirt on them, 
mixed up with the broken stone of their substance, to the very foundation. 

In winter, a large expense is incurred iu scraping and removing mud ; but it is not 
sufficient to keep it under in any essential degree. The nature of the work maybe 
judged of by the very name which is given to it, ^ ScavengeHng.^ In fact, the men 
are nearly ankle-deep in mud, as they move to and from the line of stuff they are 
'scraping up. 

A small -portion of the scrapings is sold as manure, at 6d, and Is. per ton ; it 
is that chiefly which is taken from the few paved streets ; the remainder (from the 

-*■ Frequent adusions are made to Ireland, because this article was originally di*awn up 
during a service in that country. 
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macadamized streets) is carried away and deposited as spoil at the expense of tlie 
Paving Board. 

The watering, though not universal, is applied to almost all but small streets. It 
is paid for in a separate rate by the inhabitants of the streets who apply for it. 

In summer, the roadway, excepting by being watered, is left very much to itself, 
the only other operation being to lay down occasionally patches of broken stone 
where the surface gets so bad that it cannot be delayed. 

The result of the laying down the stone at that season (and sometimes necessarily 
in very dry weather) occasions great inconvenience and waste. The horses and 
carriages, when forced upon it, suffer in consequence. The material will not, in spite 
of the watering given to it, consolidate for very long, but some is cast about loose, 
and much is crushed j in fact, unless it crosses the whole way, it acts chiefly as a 
beacon to warn carriages, as long as possible, from those parts. 

The material is, however, chiefly laid down in winter, and is gradually consolidated 
by the traffic, commencing in the ordinary manner along the edges ; but by such 
means, and surrounded by mud, there is a very great loss before the portion that 
ultimately remains becomes fixed. 

It can hardly be doubted hut that means might be devised for greatly improving on 
this system, and obtaining better roadways, even at the same expense. 

It would not be easy to define at once, in every particular, exactly how it is to be 
done ; but it might be worthy of experiment. 

The two principal measures to he adopted or ameliorated are— 

1st, To keep the roadways always clear of any collection of dirt upon them. 

2ndly, To fix on the means for laying down, in the most advantageous manner, 
the broken stone that; will be necessary to maintain adequate thickness for bearing 
the traffic. 

First, With regard to the cleaning, it will be done chiefly (it may be hoped 
entirely) with the broom.* It will perhaps be difficult to be executed amidst all the 
traffic, but not so much so as would appear, judging from the present state of the 
roads j because it is contemplated that at no time will there be more than a very 
slight quantity of dirt to remove, and that chiefly of the matter dropped upon the 
surface. 

It is impossible exactly to foresee how often each part will require to he swept 
over ; the most frequented thoroughfares perhaps daily, others from that to once 
a week, or even ten days, the least being on those that are paved and least traversed. 

It is to be understood that this operation will take place in summer as well as 
winter, in the driest as well as in the wettest weather, though perhaps not so often. 

How the sweepings are to he put together and carried off will be another arrange- 
ment for experiment ; the point will be not to waste horse-hire by keeping the carts 
lingering all day over perhaps two or three nyles, yet at the same time so to dispose 
of the mass collected in the street as not to he in the way of the traffic or scattered 
about until the cart shall come round for it. 

It is suggested that auy medium course of partial clearance— -that is, making the 
streets somewhat more clean than at present, would certainly lead to failure ; it 
would cause an increase of expense in one item, without a compensating reduction in 
others : it must he the endeavour to perfectly dem^ and free at all times from 
mud or dust, whatever parts may be submitted to the operation, so that every wheel 
may roll over the hard compact surface of stone alone. 

This can only he partially effected on the present road surface, the whole mass is 



This is done now in many parts of London,— -E d. 
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so deeply mixed u]^ -witli dirt, but may be done perfectly after every snccessive general 
spreading of broken stone hereafter. 

If these streets were constantly kept perfectly clean, hard, and even, and the 
material was of a tough good quality, the actual wear of the surface would be 
extremely small, less, no doubt, than an inch in the year, even in those most 
frequented j the wheels, in fact, would be running over a smooth pavement made of 
small materials.* 

StiH, even at that rate, it would be more convenient, where the intereourse is 
nearly incessant, to have the supplies laid down occasionally in general massesj in 
preference to the course recommended for roads under other circumstances, by 
minute repairs exclusively ; because in this ease the small additions would be too 
frequent and general, and more especially because in towns the more extensiye 
spreading of broken stone can without difficulty be greatly consolidated at once by 
rolling. 

It is suggested that tbe thickness of consolidated metalling need never exceed 
about nine inches, nor ever be less than four or five j when reduced to that minimum 
the surface should be loosely picked, and about four or five inches of broken stone 
laid along the street, and most completely rolled, with the necessary blinding on the 
most approved system. 

It is indispensable that it should be made thoroughly firm ; it would then bring 
the outer crust from four or five inches to eight or nine, according to the importance 
of the street, 

Ihe new-laid material must be well attended to, and rolled until it is perceived that 
it is perfect in form, and so solid that neither wheels nor horses’ feet make injurious 
impression on it. 

This will be the substance for regular wear, and it is calculated will last two, three, 
or more years ; small depressions, inequalities, or want of form, as soon as they can 
be perceived, being minutely corrected from time to time, by picking the surface, and 
then patching with small quantities of stone, broken fine. 

There are 76 statute miles of streets under the Dublin Paving Board, of which S2 
of the most important are macadamized, and 24, chiefly inferior thoroughfiires, paved. 

The expense of their maintenance in the year 1842, exclusive of sewers and foot- 
way, flagging, &c., was— 

£ ' 

For Macadamization and paving . . . . 11036 

„ Scavengering , . . . . ; ; y ’394 

„ Watering . , . . ^ ^ ^ ^^^342 

20,272 

From the first item about £4450 may be deducted as the expenses of the paved 
streets, of crossings, gravel, &c., leaving £6586 for the macadamization. 

Thus we have £15,822 for the cost of maintenance of the streets, exclusive of 
paving, crossings, &o., which may be supposed to remain as at present. 

With regard to the relative expense of the system now proposed, as compared with 
the above, we shall have the following items of increase ; 

1 . The street labour, in sweeping, keeping them clear of loose stones, and of all 
deposit or extraneous matter, patching the Httle inegualities that may occur, and 
general attention. 


wostoundtobelossthanbaXf auinchin tbeyear. 








2. Rolling tliorouglily at tlie times of tRe general laying down of material. 

(1.) The first will require a very large expenditure to give it fall effect. 

The great leading streets may require an average of one man for every 200 yards, 
—less in summer and more in winter ; others will not require so many, gradually 
reducing down to the smaller paved streets, for which one man per half-mile, or, 
perhaps, even per mile, may be ample. 

Suppose, then, an average throughout the year of about four per mile; 300 men 
daily would be employed in this service, which, at Is. 4d each, would amount to 
£6260 per annum. 

Then, suppose 20 one-horse carts daily, for the removal of the sweepings, at 4s. 6{f. 
the cart, would amount to £1048 10s., making £7668 lOs. for this most material 
item. '' 

(2.) For the rolling, estimating the generall&fmg down of broken stone over every 
part of the macadamized ways to take place once in two or three years, we will 
allow 20 miles to be rolled per annum : the average width of the streets is 32 feet, 
and the cost consequently may be £38 per mile, or £760 for the 20 miles. 


Add this . . . . . . 

To the above estimate . 

The amount will be . 

Which deducted from . . 

Leaves for broken stone and watering . 


£ s, d, 
760 0 0 
7,668 10 0 

8,428 10 0 
16,822 0 0 

7,393 10 0 


The latter will be greatly reduced ; but leaving it as before, as an extraneous 
charge, namely, £1842, there will remain £5651 10s. for broken stone. 

The cost for this item is now about £5700, but it is one in whichi there must be a 
very considerable reduction, at least equaT to one-half, when the system is thoroughly 
acted upon ; say that the cost should then amount to £8000, there will remain 
£2500 for contingencies, or to make good any deficiencies in the above calculations, 
which, however', it is believed are by no means forced. 

There will be an item of increase in tbe available funds, though not large, in 
the sale of the street sweepings, which will be all valuable manure, and a saving 
in the necessity for carrying any to spoil. 

Where road-work is to be done as proposed, chiefly by daily labourers, it is a 
matter of consequence so to adjust the work as to require a constant and uniform 
supply: this is done now in Dablin very much by working at tbe paved streets, 
when less is required on those that are macadamized, and such arrangement may be 
continued. 

ON KOLLING NEW-MADE EOADS. 

The importance of rolling roads, either newly constructed, or when subjected to 
extensive repairs, seems never to have been duly appreciated. 

Lines of any length of new-laid broken stone may be deemed nearly impracticable 
to ordinary traffic ; the worst and most hilly old roads are always taken in preference 
to the new roads while in that state, although the latter may be much shorter, and 
with very improved levels. 

At length the old road is shut up, carriages are forced to take the new, occasioning 
the greatest inconvenience and drawback to the intercourse for perhaps a year or 
more, a great wear and waste of the material, and a considerable expenditure in 
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watciiing and maintenance, until tHe material, or what remains of it, shall he finally 
consolidated, and even then in a very imperfect form, unless great pains are taken 
with it. 

The rolling is, in fact, effected, hnt in the most distressing and expensive manner, 
and hy carriages and horses very ill adapted to it. 

These evils may he entirely prevented, the road pnt at once into good working 
condition, and, certainly, a considerable expense eventually saved, hy thorough 
systematic rolling ; nor ought any road to he considered as made until that operation 
shall he completely effected. 

Three' reasons have prohahly operated to prevent this principle having been acknow- 
ledged and acted upon. 

1. Because the traffic on the road will, sooner or later, do the work, therehy 
apparently reducing, in a small degree, the cost of the original construction or repair. 

2. Because a roller is not usually at hand, and from its weight and unmanageable 
character, it is most inconvenient and expensive to he removed from one place to 
another, so that in most cases one would have to he constructed for the purpose, and 
subsequently he useless, 

3. Much uncertainty, as yet, as to the best manner of operating, its - efficacy, and 
expense. 

The first reason is founded completely on error ; it is manifest that this manner 
of completing the road hy the traffic is most inconvenient, and occasions enormous 
sacrifices hy the parties using the road, and consequently a great loss to the puhlic in 
general; nor can there, he a doubt that the actml expenditure on the euhsequent 
early maintenance of the road itself is greater than xoould le incurred ly at once 
operating thoroughly with the roller. 

With regard to the second reason, there are many ways in which the ohjection can 
he greatly alleviated. 

Although there is some justice in the third, and that the most perfect mode of 
proceeding is not yet perhaps understood, there is so much useful effect to he 
produced by any, that it is surprising that it has not been reduced to just principles 
by experiment, and generally adopted. 

The practice of rolling has been rare, and almost entirely confined to gentlemen’s 
demesnes, and occasionally to the macadamized roadways in some cities ; hut in the 
latter, it is believed, without the application of sufficient means for the purpose. 

There are certain considerations which may serve as guides to arrive at just 
conclusions with regard to this proceeding. 

1. A roller should not he too heavy in proportion to its hearing surface, or, instead 
of binding the material in the position and form laid down and desired, it will press 
it more or less into the substratum ; much of the material will thus become useless, 
and it will he very trouhlesome to obtain the necessary resistance for the con- 
solidation. 

2. It must not he too light, or the effect will he too small ever to gain the object 

fully; or at any rate, without an extent of operation that would be very costly 
or inconvenient. ^ ^ ^ 

It is believed that the ordinary rollers are too light, which may have thrown the 
practice into disrepute. 

For the Dublin streets they have a roller of two contiguous cylinders, each of 
4 feet diameter and 1 foot 6 inches in width, making in all a hearing of 3 feet ; it 
weighs 2 tons 3 cwt. ; only two horses are attached to it, hut the work is exceed- 
ingly heavy. It is applied to successive layers of material, in new formations, and 
about an inch of gravel is worked into the upper layer or surface. It is said to 
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consolidate the roadway very effectually, but might probably be improved by adding 
to its weight.* 

From other recorded trials, however, there is reason to believe that a road roller 

I should not be lighter than 28 cwt. for every 12 inches lineal of bearing on the road ; 

that is, if four feet wide, that it should weigh 5 tons 12 cwt. ; if three feet, 4 tons 
4 cwt., «&;c. ; and that it should only be applied to the upper surface of all. 

A roller somewhat heavier than 28 cwt. per foot would be more effective, but it is 
better after that limit to gain the object rather by adding to the number of times 
passing over the surface than incur the inconveniences of the heavier machinery. 

This is one very interesting point to prove, namely, the relative effects of light and 
f heavy rollers, taking into account the number of turns required hy each, 

J B. For effect, the wider a roller can he, the better, because the operation will 

I be more quickly performed, and because, in proportion as it is narrow, will there be 

j a tendency to force the broken stone laterally from under its action ; but, as the 

weight must be in proportion to its bearing surface, the width must be limited 
^ to a degree that will prevent that weight being too unwieldy ; a very narrow roller 

J might also have a tendency to overturn. On the other hand, one that is very wide may 

take up too much room, if the road is open to traffic during the time of its use. 

4. Horses should not he obliged to use very great exertions in drawing a roller, or 
the action of their feet will discompose the loose stones very inconveniently ; therefore, 
as the draught is very heavy at first, and never very light up to the last of the opera- 
tion, they should not have more than from 10 to 12 cwt. each to draw at first, nor so 
much as a ton each at last. 

; 5. It would be desirable not to put more than four horses to such a machine, because 

f as the number of horses is multiplied, it becomes more difficult to obtaiu a perfectly 

united effort from them ; but on the above data a roller of 4 tons maximum weight 
might he too small for the best service, and as six horses may perhaps he applied 
without much inconvenience, it is proposed to give that number as a limit, and to 
I allow 5 tons 12 cwt, as the maximum weight for the roller ; this, at 28 cwt. per foot 

, -of hearing, would give it a width of 4 feet. 

From the Continent we have records of several trials that have been made of late 
years of the effect of rolling new-laid material on roads ; although there are dis- 
crepancies in. some of the particulars, there are many in which all agree; and in 
all the, practice has been strongly recommended. 

i The one that seems to be the most practical is a roller described as first used in the 

Prussian provinces on the Ehine, and from thence introduced with some modification 
into a neighbouring district in France. 

It consists of a cylinder of cast iron of about 4 feet SJ inches wide and 4 feet SJ inches 
; diameter, t On the axle, by means of iron stanchions, is fixed a large wood case of 

6 feet 4| inches long, 5 feet 84 inches wide, and 1 foot 8 inches high, open at top. 

/ Tills roller has a pole before and behind, in order to be able to draw it in either 

' direction without turning ; the hind pole is sometimes nsed to assist in guiding it. 

{ It has also a drag, by the pressure of a hoard on its face, in the manner used for 

French waggons. 

i The cylinder and other iron-work weighs nearly 2 tons ; the case and wood-work 

about 19 cwt., making the whole 2 tons 19 cwt. 


* A short street (Herbert Street), made in 183G, and then well rolled, bad never required 
repair or new material up to the time of writing these notes (1843) ; it is a good street, but 
not a great thorougbfare. 

t These and other dimensions are necessarily in odd numbers, owing to reducing them from 
French measures and weights. 


i. 
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Tlie ■case ’will contam a weiglit of stone of 2 tons 19 cwt. wlien completely loaded j 
therefore the entire weight can he brought np to 5 tons 18 cwt* . 

Six horses worked it well. 

It is passed over the entire surface of the road once or twice without any loading, 
and weighing consequently nearly 3 tons, to obtain a first settlement of the loose 
material ; then one or two turns with about 1| ton loading, making 4| tons ; 
and then the last turns, making ten in all, with the full loading, when it becomes 
6 tons 18 cwt. 

TraTersingl2 miles, it will thus completely roll about 3000 square yards* in one 

day, or about a quarter of a mile of road of 21 feet width. 

AU accounts agree as to the absolute necessity of applying some gravel or other 
sharp, gritty, very fine stuff on the surface, during the operation, without which it 
will not he thoroughly hound. 

The consolidation commences with tbe lower part, which is the first to get fixed 
and arranged ; and when, after about six turns over the whole, the ujiper layers have 
become tolerably firm and well bedded, some sand, or stone-dust, or, what is best of 
all, sharp gravel, is very lightly sprinkled over it by degrees at every successive 
rolling, solety for the pur27ose of filling up the interstices of the broken stone, and not 
to cover it ; about 3 cubic yards in the whole per 100 square yards (equal to about 
an inch in thickness if spread over the whole surface) will be required. It is essential 
that this small stuff he not applied earlier, or it will get to the lower strata, and not 
only he wasted, but prove injurious. DChe object is that it should penetrate for two or 
three inches only, to help to bind the s«r/ace. 

Provided the upper interstices are filled, tbe less gravel used the better ; therefore 
it is applied by little and little after each of the three or four last successive passages 
of the roller, and then only over the places where there are open joints. 

After the work, if well done, is completed, it is slated that such is tho effect that 
the upper crust may he raised in cakes of six or seven square feet at a time, which it 
could never be without the gravel. 

The effect may he improved also by having tbe upper inch or two of stone finer than 
the rest, say, to pass a ring of I J inch or IJ inch. 

This work should he done in mt weather, or the material will require to be profusely 
watered artificially. 

It will be better that it should not absolutely rain, unless very lightly ^ when the 
gravel is applied the stoning should be wet), as it will cause it to adhere to 

tbe rollei*, and even at times to bring up the broken stone with it. In frost it is of no 
use attempting to roll. The state of the material, as regards its being wet or dry, 
will have great infiuence in the success of tbe operation. 

The form of the road will he best preserved by rolling from the two sides towards 
the middle, and not commencing along the latter. 

The calculated expense of the work in Prance was — 

■ ' ■ ■ ■ ' ' ■ .. £ '■ s. d. . 

For six horses and two drivers, per day . . , .14 0 

For six labourers attending on the road, assisting at the 

roller, levelling inequalities, spreading gravel, &c. . . 0 7 0 

Total for 3000 square yards . . 1 11 0 


* Some of th^ calculations are not strictly in accordance with the data, because the data them- 
selves are not given in minute fractional parts, and^onsequently the reduction of the results will 
show a difference; but it is very small, and of no consequence in a genei-al consideration of tho 
matter. 
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l)eiiig about one penny for eight square yards, or one penny per running yard of road, 
twenty-four feet wide, and amounting to about £7 5s. per mile. 

For Ireland these prices would have to be increased, thus— 

■■ ■■ £ s. d. 

For six horses, with drivers, per day . . . . ,1 7 0 

For six labourers, at Is. 4 . . . . ..080 

1 15 0 

It is considered that a modification would be desii^able in this foreign roller, by 
making it only four feet wide; its weight might then be, with its box for the 
additional loading, &o., about Sftons, which with an extra loading of ^ tons 2 cwt, 
would bring it to the 5 tons 12 cwt, for its extreme weight, at 28 cwt. per foot. 

Such a roller passing ten times over every part, and working twelve miles per day, 
would require five days, and the operation cost about 155. per mile of road, of 
twenty-four feet wide completed. 

The gravel ought to be considered as material, but in this case it is an addition to 
what would otherwise be applied ; the cost therefore must be added. 

Suppose it to amount to one shilling per cube yard, the expense, at thirty-six 
square yards per cube yard of gravel, will be about £19 55. per mile of road of 
twenty-four feet wide. 

This would bring the whole to an amount of £28 per mile. 

However perfect the rolling msiy be, there will be at the end a slight elasticity and 
yielding of the surface, which will only become quite firm and Lard after some days^ 
traffic, say from six to ten when tolerably frequented, during which its form and 
smoothness must be carefully attended to ; add, therefore, £2 per mile for that extra 
work, and the cost will be £80 per mile. 

The expense of the operation of the roller (independent of the gravel) is so small, 
that if the weight is under-estimated, so that the width of the roller should require 
to be reduced to three feet, thus adding one-fourth to that part of the outlay, or that 
it would require to he passed a greater number of times more than calculated, that 
increase would not.he of essential importance on the gross amount. 

If artificial watering should he necessary, that expense also must be added, but it 
would be small. 

The subsequent wear of material, under proper care, will be most trifiing. One 
French Engineer states, that where the rolling in this manner has been successfully 
performed, there has never been a necessity for applying above one cubic yard of 
broken stone per 300 square yards of road in the next year ; that in one instance only 
one cubic yard per 1500 square yards was used, although on a road subject to the 
passage of 400 horses in draught per day ; and on another road no fresh stone was 
laid for three years. 

To make a more dhect compai’ison, however, of expense, it may be assumed that a 
much greater diminution of thickness will take place in the consolidation by the 
traffic than if effected at once by the rolling, because the nanw wheels of ordinary 
carnages penetrate into the loose matter, and force the-lower part of it partially into 
the subsoil. The displacement, and grinding, and crushing is also very great ; 

: whereas, in rolling, the entire is xneserved and in its proper place : it may therefore 

? not be too much to estimate, that if it require ten inches of loose material to hind into 

t six inches by the ordinary process, as it probably would, eight inches, well rolled, 

? would give the same; if so, the saving at once would be very great : thus, suppose 

> the covering of one inch of stone to cost as much as two inches of gravel, that is, if 

f the gravel is valued as above, at Is. per cubic yard, that the stone be valued at 2s. ; 
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tli6B we h-BiYe four times tlie cost of tlie gravel, wliicli was stated to 1)0 £20 per mile, 
or £80 to set against the £30, estimated expense of rolling. 

If the rolling effected a saving of only one inch of the hrohen stone, still the cost 
of that one inch would exceed that of the rolling, including the gravel. 

This last calculation is given only as a proof of the . saving, and not as recommend- 
ing the reduction of the mass of material laid down to a minimum ; on the contrary, 
as the rolling of the surface is a final measure, and requires no i-enewal until the road 
is worn to a minimum thickness, the most economical plan probably wonld he to 
apply a considerable degree of substance at once, enough to last some years, so as to 

reduce the number of periods when rolling would be necessary . 

■ In some few situations the very formation of the road may be made subservient to 
its rolling. 

In the construction of a new road over the Carey Mountain, in the county of 
Antrim, material for stoning the road was quarried in several parts of the mountain 
up to its summit. 

Some carts were made with wheels of four-inch tires, and the laying of the broken 
stone being commenced close to the quarry, the work was carried, on from each quarry 
down Mllj the loaded carts being taken over the new-laid material, working 
systematically over the entire width of the road, and discharged, below, returning up 
the hiir light. By the time the work was completed, the road had acquired in this 
way a considerahle degree of consolidation without extra labour. 

A roller of the weight of five or six tons may be worked up inclines of one in 
twenty by increasing the number of horses, but not steeper ; if at all exceeding one in 
thirty, it would probably be better to apply the roller in its lightest state, and increase 
the number of passages. 

It is very desirable to complete rapidly what is once begun, but it is attended with 
the disadvantage of taking up short lengths at a time, which leads to the occasion for 
turning the roller very frequently, a manoeuvre that is particularly inconvenient. 

Although certain dimensions and weights are suggested to be likely to prove the 
most efficient, any other kinds that happen to ’be in possession might be tried and 
adapted to the above principles, which will usually require weight to be added with 
the successive rollings : this may be done in various ways according to circumstances 
and situations ; the most simple will be a large case on the roller, for loading with stone. 

In or near towns, iron weights might he used instead of stone, partly on or 
suspended to the axle, within the cylinder, or in a case outside, which might be then 
much sjnaller, and the weight be more compact and more easily shifted ; or for use 
IN a town, when the most efficient dimensions and weights were ascertained, rollers 
might he prepared of two or three qualities, that is, all of the same extent of hearing, 
but of cylinders of different weights, from the lightest to the heaviest, and brought in 
succession on to the work. 

ISfote , — This whole question is pre-eminently one which requires the supervision of 
government officers, both as to the construction and repairs of all roads in the vicinity 
of large towns, as well as all main thoroughfares in any position^ in order that some 
^cient system may be uniformly carried out, instead of so important a public matter 
being left to the control of local boards and vestries.— En, 

EiOCKET AE/TILLEHY.*— Congreve rockets are now supplied to all troops of 
horse artillery and some field batteries, but great difference of opinion exists as to 

* Chiefly from the * Royal Artillery Handbook for Pield Service,’ See also ‘ Pyrotechny,’ 

184 . 
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tlieir value for warlike purposes. They possess the advantage, however, of serving 
either as shot, shell, or carcase, and their moral effect, especially against cavalry, is 
very great. Their portability is very valuable in a hilly country, and they req^uire 
but few men to work them; but their irregularity of flight is undoubtedly a great 
defect, much increased by a side wind, to allow for which a rocket^ must be laid to 
leeward of the object, as tbe pressure will be chiefly exerted on the stick. 

The motion of the rocket is caused by the gas generated in the interior, when the 
rocket is fired, imessing ^Yith greater force on the head than on the base, in conse- 
quence of a large portion escaping throiigb the holes or vents in the latter ; the action 
being similar to the recoil of a gun fired with pow'der alone. 

A stick or long rocl is screwed into the centre hole in the base, in order to counteract 
the tendency to rotation, and to retain the rocket in its initial direction. 

Eoekets are flred from ii’on tubes I'aised above the ground, and made capable of 
elevation. They may also he laid on the ground and fired in volleys, the head being 
slightly elevated. 

For field service, the rockets are conveyed in carnages consisting of body and limber, 
tbe cases and sticks being in separate boxes. On coming into action the tubes are set 
up and properly directed and elevated ; the rocket is inserted about half way, and the 
priming loosened ; it is then pushed beyond tbe spring-catch and gently drawn back 
till stopped by the spring. The 12-poiuider shell rocket should not he fired at less 
than 12®, 24*poimder at less than 20° elevation. 

The two brass scales formerly used for adjusting the boring bits have been super- 
seded by a four-sided wooden scale, having on the successive sides the scales for the 
24i-pound6r, 12-pounder, 6-poundei’, and 8-pounder, as showm in page 379. The 
method of using it may he shown as follows. Suppose it is required to burst a 
24-pouncIer at a range of 1500 yards, the whole of the fuze, composition, and about 
half of the solid of the rocket must be bored ; place, therefore, the point of the boring 
bit against the shoulder A of the scale marked 24-pounder, slide the edge of the 
stopper to a point half-way betw’’ecn B and a and screw it fast, then bore into the 
rocket till the stopper meets the apex of the shell. 

Table OF EanctES FEOM AN AVEiUGE Result OF Eocket Practiop, 1852. 
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When the 'wind is in front, add half a degree to tlie ahove elevations ; when in rear 
deduct the same amount. 


Kakges at which Shell Eookets may be expected to burst. 


; 3-Foundei'. | 

G-Founder, 

12-Fouudor, 

24- Founder. 

Whole length of fuze ... ... 

Fuze hared out ... ... ... 

Solid bored to within 1 ’5 inch of 1 
top of hollow in 24-pounder, > 
and 1 inch in the other natures ) 

YARDS. 

1800 

750 

400 

YARDS. 

2400 

I 1000 • ; 

j . 

1 450 

YARDS. 

3100 

1000 

YARDS. 

.3300 

2000 


Hale’s rochet has not a stick, but the base, which is in form a Irustum of a cone, 
has a large vent hole through the axis, and 5 small holes, called “ tangential holes,” 
cut through its surface into the rocket in an oblique direction. The object of thetc 
holes is to give the rocket, hy the escape of the gas through them, a rotary motion 
round the larger axis, causing it to proceed point foremost like a rifled projectile ; but 
it is considered that the rocket will soon lose this motion by the consumption of the 
composition, and will strike the object in an uncertain position, and without the issue 
of dame, which is so important. 

0. R. B. 
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SANITARY PRECAUTIONS.^ 

In a publication like tbe present, it has not been considered necessary to insert a 
very Ml and elaborate article on a subject of so general and extended a nature as that 
under consideration ; while on the other hand, a work on Military Sciences would be 
greatly wanting in completeness, were no notice taken of such sanitary questions as 
concern the health and well-being of the soldier. The writer of this paper has there- 
fore coniined himself to that portion of the subject, and has founded his remarks 
chiefly on the recommendatious of the commissioners appointed to inquire into the 
sanitary condition of the army, in 1857, wlio numbered among themselves, or received 
the testimony of, the leading men of all professions connected with the working out 
of this important subject. 

On comparing the Yarious statistical returns, the commissioners found that the 
mortality among the troops, during peace, was considerably greater than the average 
among the civil population at the same ages ; although the soldier is a picked life, 
both at first entry and by continual w^eeding through invaliding, q>ensioning, &e., 
while -the civil population is burdened writh those primarily unhealthy, and with dis- 
charged invalided soldiers, besides vagrants and all kinds of dregs of population unfit 
for any useful employment. 

The causes assigned for the high rates of mortality in the army are such as of 
themselves to be prejudicial in all states of society, viz. ; — 

1. Exposure at nigbt. 

2. Intemperance and debauchery. 

3. Want of exercise and employment. 

4. Crowding, bad ventilation, and defective sewerage, &c. 

And the question, of course, arises whether these are greater than in the civil 
population. 

1st. The night exposure is not excessive, nor at all approaching that of the police 
force; hut the injury is probably much increased by the guard-rooms being generally 
very warm, and the men lying down in their gx-eat coats, and then going out in a , 
state of profuse perspiration to stay two hours in the night air, and returning 
often with their coats thoroughly wetted with rain to again lie down for a few hours. 

2nd. Intemperance and debauchery. There does not appear any reason to snppo.«!0 
that the soldier is more intemperate than tbe general class from which he^is taken, 
nor are diseases of the digestive organs, which are said to be those usually resulting 
from intemperance, as prevalent as those of a pulmonary character. Debauchery 
undoubtedly is more prevalent where large numbers of comparatively young men are 
massed together in towns, as soldiers are. • This leads to serious disease, greatly in- 
creased by the soldier concealing it, and it ultimately affects the constitution, but is 
not by any means sufficient to account for the great mortality. 

3rd. Want of exercise and employment. This appears to be one very prolific source 
of disease in the army. With the exception of the small amount of labour expended 
in cleaning his accoutrements, the infantry soldier’s regular exerci.se is of the most 
monotonous character, and performed in constrained and nncomfortable attitudes. 
The greatly diminished rate of mortality in tbe cavalry, 13-6 to 17*9, may be con- 
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siderecl as being mainly attributable to tbe greater amount and variety of the trooper’s 
exercise, partly on liorsebaek and partly on foot ; wbilethe muscular exertion required 
in grooming bis borse is far greater than anytliing demanded of tbe infantry soldier. 

Colonel Lindsay, of tbe Guards, in speaking of tbe soldier’s life, says ; Per baps 
no living individual suffers more than be from ennui. He has no employment save 
bis drill and bis duties : these are of tbe most monotonous and uninteresting descrip- 
so much so that you cannot increase their amount witbout wearying and dis- 
gusting bim, All be has to do is under restraint ; be is not like a working man or an 
artisan ; a working man digs and bis mind is bis own, an artisan is interested in the 
work in which be is engaged ; but a soldier has to give you all bis attention, and be 

has nothing to show for the work done,’’ 

There is probably nothing that so sustains a man under labour of various kinds, as 
thought that tbei'e will be a certain portion of work completed ; or, at least, 
“ sometbiug to show,” as Colonel Lindsay says, for tbe time expended. 

It would seem, then, that it would be well in every way to encourage soldiers to 
practise athletic exercises and out-door games as much as possible. It also is a ques- 
tion worthy of great consideration, whether they might not be largely employed in 
connection with Government works at a small rate of working pay, and even allowed 
to assist civilians when requisite. A large comfortable well-lighted reading-room 
slionld also be provided, with a number of useful, and at the same time entertaining, 
lis, for tbe evening occupation, coffee being kept ready for those who might re- 
quire it. 

There still remained, however, tbe fact that there was throughout the army a large 
j)roportioa of disease of the chest of a chronic character, viz , 12*5 per 1000 in the 
Guards, and 8 *9 in the Line, to 5*8 in the civil population, which cannot be attributed 
to any of the foregoing causes. It is necessary, then, to examine whether the fourth 
cause produces snob an undue mortality in the army, viz.-— 

4th. Crowding, had ventilation, and defective sewerage, &e. 

Before considering tbe magnitude of this evil, it may be well to notice that the 
native regiments in India are the only ones in which the mortality does not exceed 
that of the population from which they are drawn Y and the Sepoys are the only 
soldiers not in barracks, each man receiving a small sum as hutting mone^q with 
which he buys a few mats and erects a hut for himself, frequently sleeping outside 
even of this. It may also he noted that the mortality of the army before Sebastopol, 
when hutted in 1856, was very low. During twenty-two weeks, ending 31st May, 
1856, including deaths by violence and accident, the mortality of that army was only 
at the rate per annum of 12*5 per 1000, against 17*9 in the Line, and 20*4 in the 
Guards in England. 

Of the deaths in the Line 57*277 per cent, are caused by diseases of the respiratory 
organs, and in the Guards 67*683 per cent. 

On the question of overcrowding, it may he observed that the minimum cubic space 
allowed by regulation — 450 feet per man— was far below that which is necessary for 
liealth, and that, even of this small modicum, there is, in the older barracks, fre- 
cjuently a deficiency practically of a third and sometimes one-half ; besides which the 
beds are often placed so close that even the regulated space of one foot between them 
is not adhered to ; and it is clearly proved that the distance between the beds is of 
more consequence than the mere cubic space arising from a lofty room. The 
window ventilation is generally insufficient, and the soldiers always, if possible, stop 
up every ventilator to make the rooms warmer. The result is that— especially when 
the barrack-room is partly below the ground — the soldier sleeps in a foetid atmo- 
sphere, and lays thus too often the seeds of pulmonary disea're. 
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The testimony of the non-commissioned officers is to the effect that the men feel 
nncomfortahle in the morning, while to themselves, going in from the open air, the 
scent was so intolerable as to render it necessary to call to the orderly to open the 
window at once. The writer can speak from experience to the same effect, he having 
frequently been obliged to stop to have the windows opened before he could enter a 
barrack-room for the purpose of making an inspection. 

The question then arises,— what can be done to lessen this enormous mortality ?— 
an evil productive of great expense to the country, even apart from the higher motive 
.'of'saving life. ■ 

The first cause of disease does not admit of any remedy beyond that of providing a 
more effective kind of clothing for the men on sentry during a wet night, and making 
it imperative on the officer or non-commissioned officer, in charge of the guard, 
to see that this outer coat is removed on retuiming to the guard -room, before lying 
down. 

The second cause may be greatly lessened by providing efficient remedies for the 
third ; and specially, by taking every opportunity of endeavouring to lead the 
soldier's mind to higher and holier aspirations, by presenting to him, in all its fulness, 
the Gospel of the Grace of the Lord Jesus Christ ; /Arow# attendances 

at church or chapel, but by the earnest heartfelt converse of men, of whatever rank, 
who know and can testify, from their own experience, the satisfying nature of the 
love of God implanted in the heart of a pardoned sinner. 

For the third remedy, it has been often suggested that every sort of encouragement 
should be given to the men, to strengthen their powers, both bodily and mental, by 
athletic exercises and such out-door games as tend to develop the muscles and produce 
activity and endurance. It may be looked upon as a matter of considei’atioii whether 
the men might not be advantageously employed in Government works, and 
especially on the necessary repairs of barracks, barrack furniture, &c., at a small 
daily rate of pay. 

A room for reading and in-door games has also been strongly recommended, with 
a refreshment-room attached where the men might be provided with tea, coffee, and 
tobacco. 

With reference to the fourth evil of overcrowding, &c., some of the remedies are 
very simple, for it is easy to arrange that the rooms shall be inhabited by a less num- 
ber of men, or in new barracks to see that the rooms shall be built for and allotted to 
such a number that the cubical space for each man may be not less than 600 feet, and 
that the beds may be placed at least 3 feet apart from edge to edge, and with not 
less than 10 feet between the ends of the beds when turned down at night. 

The urine tubs should on no account be used, but either earthenware utensils 
substituted, or slate. urinals constructed outside the sleeping-rooms, with running 
water through them, as has been done at the Duke of York’s school. 

In all barracks where they do not exist, ablution-rooms and baths, laundry and 
drying-rooms should be constructed, and provided with an abundant supply of pure 
water. Also proper quarters for the non-commissioned officers and married soldiers 
should be built in all cases. 

All rooms for the use of the men should he well warmed and lighted, gas being 
used wherever practicable. Means should be provided by the erection of Grant’s, or 
any other approved apparatus, for enabling the men to bake, fry, &c., so as to 
ensure a variety in the cooking, and, if pi'acticable, a variety in the food itself 
should be adopted, and a sufficient quantity given to supply the proper amount of 
nutriment, the whole being provided by the Commissariat to ensure good quality* 
Ail open privies with cesspools should be abolished, as injurious alike to health and 
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decency ; and seated closets, wholly or partially closed and screened, should be sub- 
stituted, with either a continuous how of water or the means of flushing the channel 
several times a day to carry the soil into a suitable sewer. All sinks shouUl be 
double-trapped. 

"Where practicable, the barrack-rooms should have windows on both sides to 
ensure proper ventilation, and openings should be made both near the floor and close 
under the ceiling for the same purpose. Where the buildings do not admit of this, it 
3 nay often be feasible to introduce a hollow girder, open at both ends to the external 
air, but closed at the centre, at each side of which, on the underside of the girder, 
openings may be made to allow of the ingress of the fresh, and egress of the foul air, 
according to the side from which the wind blows. Any of these openings, however, 
will require gratings over them, or some means adopted to prevent the soldiers— - who, 
like most of their class, are ignorant of the advantages of pure air and water—- from 
stopping lip the aperture. 

In every case, before new barraeks are built, the various procui-ahle sites should be 
carefully inspected by some one well versed in sanitary questions, who should also 
be consulted as to the arrangement of the plan. 

In taking the fleld, it would he well that a competent sanitary officer should 
always he attached to the Quartermaster-ixeneral’s Staff, who should be especially 
charged with the selection of sites for encamping, and the arrangements of drainage, 
&c., and whose opinion the commanding officer should he required to follow, or 
assign a reason for doing otherwise. 

The character of the dress, and its suitability for the particular climate in which the 
soldier may be employed, should be specially attended to, so as to ensure freedom to 
the limbs, and the absence of pressure on the head and feet, with proper protection 
from the action of the weather. 

HOSPITALS. 

Having considered one point very important in connection with the health and 
mortality of the soldier, viz., that all means should be adopted, as already 
suggested, by improving the food, accommodation, &c., to prevent his becoming ill, 
it is necessary to refer now to the means to be adopted to obviate an undue amount 
of fatal result among the cases admitted to hospital. 

The site of a hospital should always he dry, and, if possible, gravelly, with ample 
space around it, and with easy communication between it and the different points 
from which it is to be supplied. It should also be capable of being easily drained, 
and the most perfect kind of sewerage should he adopted, and kept as much as 
possible clear of the building. Water-closets should in every case he constructed in 
lieu of privies, and, with the urinals, sinks, &c., cut off from the hospital by a well 
ventilated lobby. 

The minimum space allotted to each bed should be 1200 feet at home, and 1500 
in tropical climates, with a mimmifim distance of 4 feet hetween the sides, and 12 feet 
between the ends of the bedsteads. 

An ample supply of natural light and ventilation should he secured by making the 
building in separate pavilions with windows on opposite sides, and sufficient provision 
for warming and lighting, accoi'ding to the season and weather, should be made on the 
requisition of the medical officer, without further authority. 

It is important that the walls and ceilings be made of some non-porous material, 
such as Dutch tiles, Parian cement, &c,, instead of brick and plaster, which absorb at 
one time and give out at another the noxious gases formed in the room, and are not 
capable of being washed* The staircases and landings should he of stone. 
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Lavatorits, batbs, and laundries, wUb all the best arrangements, sliould be con- 
structed in connection with, the establisbment, and ranges erected in tbe Mtcbens 
to admit of roasting and stewing as well as boiling, for yariety. 

In tbe field, hospital marquees should accompany each diyision, and should be 
supplied with a complete equipment of all the necessary stores, for the conveyance of 
which a certain amount of horse and wheel transport should be permanently 
provided. A regular arrangement should be made for the home transport of those 
who seem equal to the voyage and are not likely soon to recover. 

As far as the army is concerned, many of these recommendations have been carried 
out with marked benefit, the deaths per 1000 having been reduced to the same 
proportion as in the ordinary population ; and the true figure for picked lives in a 
favourable position, viz., 7 per 1000, seems, according to Br. Farr’s report for 1860, 
to have been attained. 


SAP. — The whole subject of Sappmg, or making way towards an enemy under cover 
from his fire, has assumed a perfectly new aspect since the introduction of the present 
long range and rifled arms, and is now under investigation. It appears, however, 
necessary, till some better way is ascertained and fully adopted, to insert a description 
of the present mode of carrying on the work. The saps are of various kinds, viz., 
Single^ Flying, and Double. 

. ■ Single Sap. 

This is of two kinds — ^kneeling and standing. The kneeling sap is constructed in 

the following manner, and requires the undermentioned men and materials, viz, ; 

I F. G. Officer and 4 Sappers, 4 pickaxes, 4 shovels, 1 sap roller, 1 sap fork (long- 
handled), 2 ditto (short-handled), 1 measuring rod (6 feet), 2 gauges (18 inches), 
1 ditto (20 inches), 1 mallet, a few short pickets, and a supply of gabions, sap faggots, 
and 6-foot fascines. 

The men are numbered from 1 to 4— -Nos. 1 and 2 working on their knees, and 
3 and 4 standing. 

iVh. 1 excavates a trench 18 inches wide and deep, leaving a berm 18 inches wide 
between it and the gabion, which he arranges with a small sap fork in contact with 
the sap roller or mantlet placed at the head of the sap for protection. At the junction 
of every pair of gabions, and of the first gabion and sap roller, he places a sap faggot 
or two sandbags on end, one above the other. He must alway*^ work in rear of a filled 
gabion, and never place an empty one till he has loosened sufficient earth to fill it, 
which he should do by dropping the earth carefully in, not throwing at over, occa- 
sionally striking the side of the gabion to shake down the eartk After he has filled 
two gabions, and prepared earth for a third, and placed it in position, he goes to the 
rear, and replaces Fo. 4, who becomes 3, while 3 becomes 2, and 2 becomes 1. 

No. 2 widens the trench of Fo. 1, 20 inches. He helps No. 1 to push forward the 
sap roller when required to place a fresh gabion, and crowns the gabions with fascines. 
No. 3 deepens the work of Fo. 2, 18 inches. He helps to push forward the mantlet, 
necessary, and assists Fo. 2 in placing the fascines. 

No. 4 widens the trench 10 inches, to the full depth of 8 feet. 

These three Fos. throw the earth just outside the gabions placed by Fo. 1, and 
hand up to him, when required, the gabions, sand bags, or sap faggots. Each sapper 
has a length of 6 feet to excavate, but is not restricted to the width given, whicli may 
increased, to occupy the time. The work proceeds at the rate of 10 or 12 feet per 

soil. Figs, 1 and 2 are the plan and section 







III widoumg the sail to a regular trench, the working party may he told off in the 
proportion of one man to every two or three gabions in the part not occupied by the 









The Standing Saj} has no banquette, and is 6 inches wider than the common sap. 
It is excavated by only three men, who work standing, each digging a trench 18 inches 
wide and 3 feet deep, altogether making a rectangular section of 4 feet 6 inches by 
3 feet. Its progress is slower than that of the other sap, being only about 8 feet per 
hour in easy, and 4 feet in difficult, soil. 

Flying Sap, 

This is adopted when there is a lull in the fire of the besieged. A few men run 
out, each carrying two gabions, and place them in continuation of the parapet already 
formed by single sap. They fill the gabions as rapidly as possible, to obtain cover, 
and then, if the fire is resumed, move the sap roller forward to the end of the gabions 
thus filled, and continue the single sap. A similar mode of working has been gene- 
rally adopted in forming the second parallel of an attack, when the working party of 
infantry is extended along the proposed line, each man with two gabions, which he 
places in front of him, and then excavates a trench and fills the gabions as quickly a>s 
possible. The trench dug by each man is thus about 4 feet long, 5 feet widev and 
3 feet deep in front, with a berm of 18 inches. Lodgments on the crest of the glacis, 
and rifle screens for a small detachment, are made in like manner by a few men run- 
ning out, placing their gabions, and obtaining cover behind them as speedily as 
possible. 

Double Sap. 

This sap is employed when it becomes necessary to advance straight on the salient 
of a work, or when the trenches are exposed on both sides to fire, and it is necessary, 
therefore, to have a parapet on both sides, and to place returns Or traverses alternately 
right and left, so as to form screens and prevent the trench being seen into. The 
bottom mnst never be less than 10 feet wide in the clear, but otherwise the distance of 
the traverses from one another depends on the command of the work attacked. 

There are three kinds of Double Sap, namely, the Direct, Jebb’s, and the Serpentine. 
The last mentioned is formed in short branches by two squads of sappers working two 
saps in contact, but having their parapets opposite ways. It is only suitable where 
guns are not required to be brought up. 

The Diiieot Double Sap requires the following men, tools, and materials, viz. ; — 
' 2 N. C. Officers, 9 Sappers, 9 pickaxes, 9 shovels, 3 sap forks (long-handled), 6 ditto 
(short-handled), 3 measuring rods (4 feet), 1 ditto (10 feet), 3 mallets and a few piickets, 






with sap-roiiers enough to cover the sap head and at least half a gabion on each side, 
gabions, sap faggots, or sand bags, and 6 feet fascines as required. 

Execotion. Having fixed on the spot for the centre of the sap, a party will pull 
down six gabions so as to leave a clear space of 12 feet to the right or left of that 
centre gabion according as the first traverse, of which it forms the angle, is to be to the 
left or right of the sap. The earth is then cleared from this space to the ground 
level, and thrown into the trench, whence it is removed at once by another working 
party. The sappers place five gabions to form the end of the traverse, and a like 
number on the opposite side, and the working party continue to clear away to the 
level of the bottom of trench, a berm of one foot being left on each side next the 
gabions, making first of all, rising to the ground level, a ramp, up which three 
5-feet, or two 7-feet sap rollers are pushed, and arranged to cover the working party. 
After excavating to the foot of the parapet to the full depth, three or two more sap 
rollers are pushed up and placed in line with the others just outside the first traverse. 
Hos. 1 and 2 of the three squads dig a trench, just in front of the traverse, 2 feet wide 
and 3 deep, from 'which they push on their sap heads. Nos. 1 of the right and left 
squads being at the extremity of the little trench, and No. 1 of the centre, 14 feet 
from the left berm. Nos. 2 will follow at 5 feet distance, and when they have arrived at 
10 feet from the front of first traverse, they place 7 gabions at right angles to the direc- 
tion of the sap, and 12 feet distant from the gabion of the first traverse. They then 


work towards one, another, filling the gabions, except the two next the parapet. Nos. 
1 and 2 of the right sqnad continne to work forward. No. 2 left then passes through 
after No. 1, and leaving 6 feet clear, goes onto widen No. I’s work. No, 3 left then 
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follows, and works to the right to meet No. 2 centre beyond the traverse ; they place 
the 7 gabion's forming the other side of the traverse, and fill them, except the two left 
cues, as before. 1 iWhon the passage is finished round the traverse, No. B left blocks 
up the opening and fills the four gabions with earth from the tongue in the centre. 

On arriving at the end of the second traverse, No. 1 centre works to the left 
oblic^uely, so as just to clear the end of the third traverse; remembering, as a check, 
that when the centre sap has advanced 12 feet towards the left, it should he 9.^ feet 
from the left branch. He then saps straight on past the end of the traverse, anti 
when clear, obliques to the right to pass the fourth, and so on. He lays the earth 
alternately right and left, to screen himself from stray shot. (Fig 3.) 

The third traverse is formed by Nos. 2 and 3 right, assisted by No. 2 centre as 
before, taking care never to close the opening till the communication is established 
round. 

It is to be considered a standing rule that no sapper should continue at work in 
rear when room can be found for him to work at a more advanced part of the sap. 

Colonel Jebb’s Double Sap is commenced differently from the Direct, the sap 
rollers being passed over the parapet before any earth is removed. To do this, the 
rollers are lashed to strong baulks passing through them all, and then other baulks 
aboui 6" x 5'', arc xdaced across the trench, so as to rest firmly on the parapet and the 
top of the reverse slope. Four men then push each sap roller as high up the baulks 
as possible ; two men raise the rear end of each baulk, while six men push the rollers 
with sap forks, and two others with the 4 N. 0. Officers hold on to guy ropes and ease 
the rollers gently down the slopes of the parapet into their proper places. 

The three squads then commence sapping hy Icneeling sap through the parapet, and 
construct the double sap as before, except that the first traverse has only three 
gabions in thickness instead of six ; and that the centre No. 1 works direct to his 
front, instead of passing round the end of the traverses ; by which course the alternate 
traverses are cut in two places. The following are the men, tools, and materials 
required for this sap, viz. : — For passing the sap rollers over the parapet — 1 N. C. 
Officer, 30 Privates, 32 fathoms IJ-in. rope, and 4 pieces of timber for .lashing the 
rollers, 8 baulks 6" x 6" or 6" x 4", 4 pickets 4 feet long, and - 2 pieces IJ-inch rope 
each 5 fathoms long, for passing the rollers over. 

For the sap itself: — 3 N. C. Officers, 12 Sappers, 12 pickaxes, 12 shovels, 3 sap 
forks (long-handled), 6 ditto (short-handled), 3 measuring rods (4 feet), 1 ditto (10 
feet), 6 gauges (18 inches), 3 ditto (20 inches), 3 mallets, and some pickets ; sap 
rollers, sap faggots, gabions, and fascines as before. 

C, B». B. 

It may he well, while treating of the sap, to refer to those portions of the completion 
of the attack which are commonly carried out hy this mode of working, as they have 
not been noticed in the previous volumes. 

*Wlien the approaches come within easy musket-range of the salients of the 
Derni-parallels. covered- way, short parallels, 100 to 150 yards in length, are extended to the right 
and left from the angles of the zigzags, for the purpose of posting firing parties of 
infantry to oppose the mnsketry-fire of the garrison. These are called Demi’ 
parallels; they serve also to support the head of the attack when more than 
halfway from the second parallel to the place, and their extremities afford good 
positions for Cohorns and royal mortars, which throw shells into the covered-way 
with very destructive effect. To protect the infantry firing from the trenches, the 
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parapets are raised by placing sand -bags on them so arranged as to leave loopholes 
at tbe proper intervals. During the close attach, the besieger’s success will greatly 
depend on keeping down the musketry-fire of the fortress. To this end, every part 
of the trenches which admits of it should be made available for musketry, so that, if 
possible, such an overwhelming fire may be brought against the garrison as to prevent 
them even pointing a musket over their parapets ; and rifle-pits, or screens, are 
formed in front to hold from 2 to 10 men each. When the approaches arrive near 
the foot of the glacis, or within 120 yards of the salients of the covered- way, trenches 
are again carried out to the right and left, which, being extended till they meet, form 
a TA'irdI Tliis is necessary to connect the heads of the attack, and to 

establish a secure position where the besieger may collect materials and make other 
preparations for attacking the covered-way. The besieger’s operations being now 
confined to the salients on which he has been approaching, and the space between 
them, the third parallel need not he extended on either fiank more than 300 yards 
beyond their capitals. 

The operation of forming the lodgments on the crest of the glacis is termed 
This is sometimes done by assault, but only when the 
defences have been so injured or the garrison is so weak and dispirited as to render 
success highly probable. Against a strong and spirited garrison, such efforts to 
basten the progress of the siege are generally attended with defeat and disaster, and 
after sacrificing many valuahle lives in an unsuccessful assault, the besieger has to 
resort to the slower but sure process of systematic approach. When it is decided to 
crown the covered-way by assault, a quantity of materials suflicient to form tlie 
lodgments is collected on the reverse of the third parallel, and portions of it on both 
sides of the capital are formed in steps. 

When everything is ready, the storming party rush into the covered-way, and 
drive its defenders into the re-entering places of arms. They are closely followed by 
a working party, who trace the lodgments, as well as the communications to tbe 
parallel, by flying sap, and cover themselves as quickly as possible, When sufficient 
cover is obtained, £ the storming party retire into the lodgments, which need not 
be extended further than necessary to insure possession of tbe covered-way. When 
it is intended to proceed by systematic approach, two trenches are broken out by sap 
from the third parallel, one on each side of the capital about 40 yards from it, 
These are directed inwards, to meet on the capital about 30 yards fi’om the parallel, 
forming what is called the Circular Portion, From this a double sap is carried on 
the capital to within about SO yards of the salient, where saps are pushed to 
the right and left along the slope of the glacis, about 20 yards beyond the pro- 
longations of the crests of the covered- way, extending somewhat inwards, so as 
to enclose the salient, and terminating in a return at an obtuse angle, about 
8 or 10 yards in length. The parapets of these returns and of about 15 yards 
of the trench at each end ai’e then raised high enough to command the salient place 
of arms. From these high parapets, which are caled Trench CaralierSy the besieger’s 
musketry soon forces the garrison to evacuate the salient place of arms. A double 
sap on the capital, or two single saps from the inner ends of the trench cavaliers, are 
then pushed forwards to within six yards of the crest of the glacis, where the 
lodgments are commenced. 

Though the principles observed in the former part of the attack are adhered to 
during the subsequent operations, yet their details will vary considerably when apxflied 
to fortifications of different constructions. Those, however, who clearly underfetaiid 
the attack of one kind of fortification, will have little difficulty in comprehending the 
modifications applicable to the other. We will therefore select, as an examj-le, a large 
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polygon of tlie Prencli Modern System, wliich. maybe considered tlie ordinary bastioned 
system in its most improved form. From tlie great saliency of tbe ravelins, a besieger 
must take two of tbem before be can reacli a bastion. We will therefore suppose oiir 
attack to have been carried as far as the salient place of arms of two ravelins, it being 
tbe besieger’s intention to penetrate to tbe bastion between tbem. 

While the approacbes are made from the third parallel on the two ravelins, a 
double sap is pushed forward on tbe capital of tbe bastion, and a fom’tb parallel is 
constructed, to connect it with tbe trench cavaliers, Tbe lodgment on tbe glacis of 
each ravelin consists of a trench, commenced by double or half-double saps, parallel to 
the crest, and at a distance of six yards from it, so as to leave a sufficient parapet, 
to protect which from enfilade and reverse fire from the face of the bastion and the 
opposite ravelin, traverses are made by single sap at ifight angles to it. Tbe lodg- 
ment on each iiank of the attack, being extended as far as the prolongation of the face 
of the ravelin, is converted into a battery to breach the face of the bastion through the 
opening afforded by the ditch of the I'avelin. The lodgments on the other side are 
extended as far as tbe third traverses of the covered way, the double sap is continued 
on the capital of the bastion as far as the foot of its glacis, and a fifth parallel is con^ 
structed, connecting it with the lodgments on either side, which are then converted 
into batteries to breach the ravelin. While these breaching batteries are constructing. 


UoscGiit into the the besieger commences his descent into the ditch ol each ravelin, by means of a great 
Dikh, gallery of a mine extending from the lodgment to the bottom of the ditch. The 

gallery of descent may be on either side of the breaching battei’j, but it is better to 
construct it on the side next the salient, as the ascent of tbe breach will then he 
better covered from the fire of the bastion. It should never have less than three feet 
of earth above its roof ; its slope should not be steeper than one in four, and should 
be so regulated as to reach the bottom of the ditch, when dry, three feet below its 
surface, to meet the bottom of the trench crossing it. It should enter a wet ditch a 
foot or two above the level of the water. It will often occur, particularly with wet 
ditches, that from the inconsiderable height of the counterscarp, the gallery of descen t 
will not have sufficient earth over its roof w'hen passing under tbe covered- way ; in 
that case it should, if possible, be carried under a traverse, and the passage round 
the traverse filled up with eai'th or fascines. Another mode of descending into a 
ditch is to drive a gallery from the lodgment on the glacis to the back of the counter- 
scarp revetment, and there lodge a charge of powder to breacdi it. This is called 
Uoioing in counterscarp. The breach thus made will form a ramp into the ditch, 
to which a communication may be made from the lodgment on the glacis. 

Passage of tliG When the ditch is dry, a passage across It is efifected simply by means of a trench 

ditch wneii dry. i^y extending from the opening of the gallery to the foot of the breach, the 
iiank defences being subdued by the battery on the crest of the salient place of arms, 
assisted by musketry and vertical fire. After the breach has been made practicable, 
tbe fii*e of the breaoMng battery may be employed to drive the garrison from the 
summit of the breach, or to destroy a parapet wall or escarp gallery, should such exist 
Ptussage of the 0^^ of the breach, from whence the garrison might oppose the passage with 

ditch when wot. niusketry. The mode 'of passing a wet ditch will depend on circumstances. When 
the water is stagnant, a passage may be made without much difficulty, by constructing 
a causeway of fascines, which should be loaded with stones to make them sink, and a 
parapet of the same material. The fascines should be passed from hand to hand by 
men stationed in the gallery for the purpose. Much time would be saved by con- 
structing two galleries of descent, as w'as done by tbe French at the siege of Antwerp 
in 1532, and making use of one of them to build the parapet, and the other the road. 
When a current of water flows through the ditch of a fortress, the difficulty of passing 
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it is very great; and if the stream be deep and rapid, or the garrison have much 
command of water, so as to he able to empty and fill the ditch at pleasure, the diffi, 
culties are almost insurmountable. The passage must he made either by constructing 
a causeway sufficiently strong and high to retain the water till it finds vent through 
other channels, or with openings to let the water through ; or by means of a floating 
bridge or raft. The former mode must always be impracticahle, unless the height of 
water to be retained is inconsiderable, in which case a dam might he made with loaded 
fascines and sand-bags, and openings might be left in the lower part of it for the 
passage of water, by sinking a frame- work of wood, or casks and large gabions, with 
their axes in the direction of the current. According to the opinion of Yaiiban, “ there 
is no other mode of passing which can be depended upon ; for to employ trestles, flying 
bridges, or rafts, it wmuldbe impossible to wmrk at them under cover, and there would 
he found neither security, possibility, nor utility in their construction.”* Cormon- 
taigne, however, describes the construction of a floating bridge of fascines, which was 
employed with perfect success at the siege of Philipsburg in 1734. It consisted of 
layers of fascines, alternately crossing each other with hurdles betw-een, and fastened 
together by pickets ; its width was 48 feet at bottom, and its thickness 6 feet, with a 
parapet formed by a double row of gabions, with three or four rows of fascines on 
them, covered with fresh raw hides, to prevent their being burnt. Two such bridges 
were constructed in six days, across ditches 20 toises wide, in which there wms from 
12 to 15 feet of water, with a loss of not more than twenty men at each bridge. The 
current, however, could not have been rapid, as Philipsburg is situated in a low, 
marshy country. It has been proposed to strengthen a fascine bridge by laying several 
rows 'of beams in it lengthways, with pickets four or five feet long, and pointed at 
each end, passing through them at intervals of about four feet. At the siege of 
Freibourg in 1713, by the French under Marshal Tillars, owing to the garrison pos- 
sessing great command of w'ater, the besiegers found much difficulty in effecting the 
passage, and after thirteen days’ work, with a loss of more than 100 men per day, 
they would have failed altogether had not Marshal Tillars contrived to divert the 
waters of the Thersein, which flow^ed through the town, into another olmnnel. 

Marshal Vauhan’s mode of gaining possession of a breach is, in Sir John Jones’s 
opinion, “so simple, so bloodless, and forms such an advantageous contrast with the 
open assaults at the sieges detailed in his work, that every one must regret the 
inability of the army to have followed the same mode of proceeding.” f It is, there- 
fore, given as translated from the * IZVatVe dcs 

Preparatory to making the lodgment, a great quantity of materials must be provided, 
such as gabions, fascines, and sand-bags, and also a number of intrenching tools, which 
should be carried as far forward as possible, without encumbering the trenches, and 
piled on the reverse of them. Care must be taken that all the lodgments from which 
it is possible to fire on the part to be attacked are in a perfect state, and that the 
batteries of cannon, mortars, and pierriers, are in readiness to open ; and the officers 
commanding in the batteries and lodgments should have it fully explained to them on 
the spot, how they are to act according to the signals made. 

“ The signal may he from a flag elevated on the lodgment, of the covered- way, at 
such spot as shall be seen from all the batteries and lodgments. Everything being 
ready, the infantry will place their muskets through the sand-bags laid for their pro- 
tection on the top of the parapets, and every one will await in silence the signal to 
open his fi.re by the flag being hoisted, and to cease firing on its being lowered. 


* Vauban’s ^ Traits des Sibges,’ edited by Colonel Angoyat, p. 157. 
t Jones’s * Sieges,’ vol. ii, p, 372. 







‘^Tlius prepared, two or tliree sappers will ascend the breach — not up the centre, 
but on its right and left, next the end of the broken wall, where cover is usually found 
between the part of the revetment 'which remains standing and that which has been 
beaten down. The two or three sappers will lodge themselves in these hollows, 
throwing the rubbish down, hut working upwards, and will procure cover for two or 
three other sappers, who will bo sent to their assistance, the whole heing prepared to 
leave their work on any advance of the enemy. Should that occur, as soon as the 
sappers are off the breach the signal is made, and all the batteries and lodgments 
instantly open a heavy fire on the enemy, who cannot remain under it, but will 
quickly disperse. As soon as that is perceived, the flag must be lowered, and the 
sappers again sent forward, who, resuming their work, will push it forward as much 
as possible; again abandoning it, however, whenever the enemy make their appear- 
ance, which may occur a second and even a third time. Each time, however, that 
they do come forward, all the lodgments and batteries, even those of the covered- 
way, must resume their fire, which cannot fail to drive back the enemy, and give 
opportunity to establish the lodgment. It will not probably be till the first or second 
time of returning that the garrison will spring their mines (if there be any), and 
wliich may be considered an infallible sign that they give up the work. These mines 
are unlikely to be attended with any great effect, for they may be sprung at a moment 
when the workmen are not on the breach ; or they may have been formed under the 
part where the sappers do not work, or at worst can only destroy three or four men. 
In the mean time the sappers will have prepared some cover in the excavation, which 
when completely ready, and not till then, must be occupied by small detachments ; 
hut as soon as the garrison abandon the work, the lodgment must he made openly in 
the breach, and be well secured along the whole excavation, hut not beyond it. 
Afterwards the work will be extended to the right and left along the rampart by saps, 
forming a portion of a circle which will occupy all the terreplein of its flanked angle : ‘ 
from thence it will be carried along the two faces of the work till everything is duly 
prepared to force the intrenchment at the gorge,” 

When it is decided to carry a breach by open assault, a heavy fire is directed on 
its summit and the neighbouring defences, to force the garrison to retire from them. 
The storming party, which should be of considerable strength, then rush up the 
breach, followed by a working party with gabions, who trace the lodgment by fiying 
sap into which the storming party retire when sufficient cover is obtained, “ Daylight 
is certainly the best time for storming works, when the troops can advance under 
cover to the breach or point of escalade, or have the support of a powerful artillery. 
But when the garrison have preserved an extensive front of fire, and the trenches 
have not been pushed very forward, to storm in daylight can he seldom advisable, as 
the troops would most frequently suffer so much in advancing as to be disabled from 
any serious effort when arrived at the breach. The most preferable time for such 
open advances is at the moment of daybreak. In the dark, the troops are liable to 
imaginary terrors, and heing concealed from the view of their ofiScers, the bravest 
only do their duty. When it is decided to assault a place immediately before day- 
break, the utmost attention should be given on the previous morning to ascertain the 
exact moment of its becoming light; and the most energetic and decided measures 
must be taken to insure the columns advancing at the instant fixed upon, as it will 
he found equally prejudicial to their success to be too soon as to be too late.” * 

Of the various methods by which the attack may be carried forward against the 
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and redoubt. 


modem ravelin and redoulDfe, tlie following appears as reasonable as any. It may 
here be observed, that the escarps of redoubts and retrenchments are, under ordinary 
circumstances, much more easily breached by mine tlian by guns, for their ditches 
being generally narrow, and flank defences not formidable, the miner is easily 
attached ; whereas the operation of arming a breaching battery in a narrow outwork 
is one of extreme difficulty. 

Attack of mvolin The lodgment in the ravelin is extended inwards by cutting small zigzag treuches 

in the thickness of the parapet, communicating with trenches across the terreplein, 

which are occupied by musketry to oppose that of the redoubt. If the garrison 
should be able to maintain a fire of artillery from the face of the bastion for the 
defence of the ditch of the redoubt, it may be necessary, before attempting a passage, 
to convei't part of this lodgment into a counter-battery to subdue their fire. In the 
mean time a zigzag trench in the ditch of the ravelin is carried further in to the 
escarp, and two galleries are commenced to ascend into the ditch of the redoubt, the 
outer one being a great gallery, and the other one a common gallery. 'When this last 
breaks thi’ough the counterscarp, a trench being carrie(| across the ditch will enable 

the besieger to reach the escarp and breach it by a mine. By the time the mine is 

ready to be fired, the great gallery will break through, and afford a passage to a 

storming party W’ho may assault the breach under cover of a fire of musketry from 
the lodgments on the ravelin. Instead of continuing a gallery from the ditch of the 
ravelin to that of the redoubt, the besieger's miner might stop halfway, and lodge a 
charge sufficient to overthrow both revetments, making a breach right through the 
ravelin, affording an easy passage to the ditch of the redoubt, and by filling up a por- 
tion of that ditch with nibbish, enable the bessieger to cross it more easily. 

When the besieger gains possession of the redoubt, the garrison must abandon the 
coupures of the ravelin, otherwise their retreat would be cut off. The besieger may 
then, by a zigzag in the ditch of the redoubt, reach the escarp of the coupure, breach 
it by a mine, and effect a lodgment on it. From thence he takes the redoubt in the 
re-entering place of arms in reverse, forcing the garrison immediately to i-etire from 
it. The lodgment on the glacis of the ravelin is then extended inwards to the 
re-entering place of arms, the double sap is pushed forwards on the capital of the bas- 
tion, and lodgments effected on the crest of its glacis, which are converted into 
counter-batteries to assist in subduing the fire of the flanks. The ditches of the 
redoubts in the re-entering places of arms being now without flank defence, the 
Besieger may with little difficulty breach their escarps and counterscarps by mines, 
and make lodgments in them, which he converts into batteries to breach the bastion. 
From the ditches of the redoubts he saps along those of the ravelin, from whence he 
commences the descent into the main ditch. This and the ascent of the breach are 
made in the mode already described, and a lodgment is thus effected on the terreplein 
of the bastion. Further operations would depend on the nature of the retrenchment. 
If it should have a high well-flanked escarp, it might be necessary to breachit by a 
mine or battering-guns, as before ; if its profile were that of a field-work, it might be 
stormed by filling up its ditch with fascines or bags of hay or wool, or it might in 
either case be escaladed. 



SHOT GARLANDS. 


SHOT GAHLANDS,* either of iron or wood, are used to retain shot placed 
on DefemeSi and their dimensions and scantlings are shewn fig. 1. They preserve 
the shot from deterioration, and it is usual to place a tier of unserviceahle shot 
under the serviceable pile. A cast-iron grating added to the shot garlands recently 
sent from Woolwich, and shown in fig. 2, has been considered as an improvement. 


Section on e e 
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Plan and section of cast-iron shot 
garlands for 8-inch shells ; the 
ground-tier consisting of unser- 
viceable shot. 


Plan and section of cast-hon shot 
garlands, showing the proposed 
gratings for the_ ground tier, for 
8dnoh shells. 


Section on o n fig. 2. 


By Lieutenant-General Oldfield, R.E, and K.H, 
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. . ■ Eig. 3. 

Plan and section of sLot garlands of T\"ood for 8-incli-sliells, shewing ground 
tier of unsei-viceable allot. 




SHRAPNELL SHELLS.*— The Shrapaellis in external appearance like the 
common shell, hut it is made much thinner, and is filled with leaden hullets and a 
bursting charge ; the conditions regarded being 1st. That the thickness of metal shall 
he such as to resist the explosion of the charge in the bore of the gun, hut to open 
readily with a small bursting charge ; and 2nd. That the bursting charge shall be 
merely sufiS-cient to open the shell without affecting the flight of the hullets. 

In the original Shrapnell, the powder was poured loosely among the bullets ; a 
proceeding which resulted often in premature explosions, caused by friction ; but this 
risk was obyiated hy the improvement proposed by Lieut. -Col. Boxer, B..A., which con- 
sisted in separating the powder from the balls hy enclosing it in a metal cylinder, 
extending from the fuze-hole down the centre of the shell, and filling the interstices 
between the balls with melted resin, Pig, 1. A much smaller bursting charge is thus 
required, and the shells can be fired with full service charges, giving a greatly 
increased velodty and penetration. 

* Ciuefly from papers by Major^Owen, R. A. 






The Piapekagm Shell (Fig. 2), invented by Lieut.-Gol. Boxer lias a wronglit 
Iron partition wbicli separates the charge from the huUets. The hursting charge is 
much reduced, and the interstices between the bullets are filled with coal dust 
instead of resin. In order to facilitate the bursting in a proper manner, four grooves 
are cast in the interior of the shell. The bullets are composed of lead and antimony, 
in order to retain their correct spherical form. 

Fig. 1. Fig. 2. 


These shells are most effective against infantry and cavalry in masses at consider- 
able ranges. The effect produced chiefly depends on the shell bursting at the proper 
moment, 1 e. at from 20 to 80 yards short of the object; so that the artillerist should 
regulate the fuze to cause explosion at about fiO, yards short of the object fired at ; in 
order that the balls may not strike the ground first from the fuze being short, nor 
remain in the shell till it has passed the object, from the fuze being too long. 


Ranges of Diaphragm Shells, compiled from Practice. 


Weight, 
of Gim’' 


Nature. 


Dmensions, Weight, dic. , of Diaphragm Shells. 




Bange in Yarda. 
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1200 
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Ihs. 

Eleva- Fuze 

Eleva> Fuze 
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Fuze 

Eleva- 

Fuze 
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tion. in. 

tion. in. 
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tion. 

in. 

tion. in. 

8 

3 *5 

3r *6 

4° 

*7 
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•8 
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10 

2 *4 

^ '5 

2f 

•6 
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•7 
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32-pounder 
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17 8 
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SHUTTERS, EMBRiLSURE."^ — The four accompanying sketches are intended* 
to illustrate a method of fitting shutters to emhrasures, which is described by Albert 
Diirer in his hook ‘Unterricht von Befestignng der Statte, Schloss, und Flecken,’ 
Nnremburg, 1527. (See Plate.) 

These shutters are composed of long spars balanced see*saw fashion on a trestle 
over the gun, and having a trifling preponderance to the front. Thus, at rest, the 
fore ends dip to meet the siE of the embrasure (figs. 1 and 3), while the slightest 
touch behind is^sulSexont to cant them up (figs. 2 and 4), so as to allow of the piece 
being discharged, -on which the shutter is immediately let fall again. This is a very 
ingenious suggestion, and seems admirably practical, from the facility with which the 
shutter is constructed and worked, the promptitude with which a shattered beam 
could he replaced, and the tendency which the slanting position of the timber would 
have to deflect a buEet. 

SIEGE OPERATIONS IN INDIA. 

OP FORTS ANB FORTRESSES. 

*'■ mikoiriiES to eeguiiAte the natuee op the attack, f 

1. In besieging an Indian fortress, it may appear necessary to observe that a 
salient angle should be chosen as the point of attack ; that the pettah (suburb), or any 
other ground near the place, capable of affording cover, should he occupied, in order 
to diminish the labour of making parallels and approaches, and that the ricochet bat- 
teries should be established, and the approaches pushed on towards the exterior line 
of works by the flying sap, and continued by the regular sap as soon as that more 
cautious mode of proceeding is found necessary. These rules, in fact, are precisely 
the same that would be followed in attacking every fortress, let its nature be what it 
may j and therefore it is not necessary to enlarge upon this part of the operations, 
remarking only, in respect to the enfilading fire, that two well-appointed ricochet 
batteries, placed in the prolongation of these two faces of the fort which form the 
angle attacked, wiE generally suffice. By these simple operations, which may he 
completed in a few days, the besiegers will have advanced to within close musket- 
shot, of *l^e exterior line of defence, after which expert Sappers will he required for 
single or double sap : the progress may be calculated at the 
yards an hour, 

’ of the siege, the peculiar nature of the exterior line of works 

■' 'first tOi^^uence the operations. Some Indian fortresses have a glacis in 

, front' of’&'fiito ditch, as at Nowa, which had a partial and imperfect covert 
^ , -w^y. In the attack of these, the practice of crowning the crest of the glacis by sap 
must be foEowed, and batteries may be constructed there for the purpose of breaching 
the Eow!fausse-bray or rounce* wall which almost invariably surrounds the principal 
ramp^.of feo-^kody o/ the place. It is possible, however, that batteries so placed 
^/aad firing ' across a very deep and narrow ditch, may not be 
y low to effect a practicable breach" in the scarp revetment of 
ease, therefore, it may sometimes he proper to blow in the 
of the glacis by mining, in order to lay open the fausse-bray to 
oed in a more retired situation on the glacis. 

the fortress besieged should have no glacis, but an exterior 
of a simple rampart, beyond the fausse-bray and the main 

* By CbptaxQ. Fhle, Bengal Engineers. 

t From * Jo*(xmaJB of the Sieges of the Madras Army,’ by Colonel Edw, Lake. 
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tlHch, as at Mallijaum, the mode of proceeding must be somewbab different. 
■Wliilst tbe sap is advancing towards this rampart, wMcb is usually of moderate 
beigbt and constructed of mud, miners must be sent forward to lodge themselves in 
the lower or solid part of three or four of the principal towers, in which they 
will prepare chambers for blowing them up. But if this rampart should be built of 
masonry, then, instead of attaching the miners to the wall at once, it maybe neces- 
sary to commence the mines requisite for the demolition of the towers by means of 
galleries carried under the level of the foundation. On the explosion of the mines 
thus prepared, troops must be in readiness to move forward immediately, and occupy 
the exterior line of works of the fortress, which will then he laid completely open to 
assault, and from which, in all probability, the enemy will retire without waiting the 
issue of a personaV conflict. This will form an excellent parallel for the ulterior 
operations, provided that in certain parts of it a parapet be formed on the reverse of 
the terrepiein towards the enemy, and turning it, as it were, inside out or otherwise. 

The next consideration is the passage of the ditch and the formation of a prac- 
ticable breach in the rounce- wall ; for which purpose, if the exterior rampart, now 
supposed to be in the possession of the assailants, should be too near to the counter- 
scarp to admit of a breaching battery being placed in the interval, it must be cleared 
away by mines fired for this express purpose. If, on the contrary, there should be 
a considerable space of ground intervening, this space must be occupied, the sap 
extended to the brink of the ditch, and a proper breaching battery established, in the 
same manner as was before described in treating of the attack of the simple glacis or 
counterscarp. 

5. It is possible, however, that under peculiar circumstances it may not be 
advisable to attempt to breach the fausse-bray by battering guns. In some cases, 
galleries for the descent of the ditch must he excavated, and the counterscarp revet- 
ment pierced ; after which the passage of the ditch must be executed by sap, and the 
rounce-wall or scarp revetment of the fausse-bray must be breached by parties of 
miners pushed forward for that purpose. At the same time, a battery must be 
constructed to breach also the high interior line of defence or principal rampart of the 
body of the place immediately above the breaches in the fausse-bray ; and mines must 
be prepared to blow in the counterscarp opposite to the breaches. 

6. The quantity of powder to be used in these mines will depend upon the natui'e 
of the counterscarp, and also whether it is revetted. The ditches of native fortresses 
are frequently without revetments ; for the earth in some parts of India is of great 
tenacity, and notwithstanding the heavy periodical rains, it will stand at a much less 
slope than in Europe. 

7. The explosion should be so timed as to take place as soon as the breaches in 
the body of the place are practicable, hut not before ; and the storming party must be 
in readiness to push forward across the mines the very moment that these are fired, 
as was done at Nowa, where the explosion of the mines was the signal of assault. 
These operations, perilous and difficult to men ignorant of such duties, are easy of 
execution to properly trained Sappers and Miners. 

8. In respect to the proper distance for breaching batteries, it may be remarked 
that even when they are not from circumstances obliged to be advanced to the crest 
of the glacis or to the counterscarp, it is not recommended that they should be 
established at more than 150 yards from the wall that is battered. If the ramparts 
of an Indian fortress are of stone, the curtain should generally be battered in prefer- 
ence to the towers, as the shot are apt to be reflected from the latter, owing to their 
circular form and the hardness of the material of which they are built. The pro- 
priety of this rule was exemplified in a remarkable way at the siege of Palghaut in 
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1781 wieE the hesiegere in vain attempted to breach one of the ronnd towere ome 

fort, Ueh^e composed of yery large blocks of g.-anite, laid rn the m^ner _^n^^ 

eallv called ‘headers,’ in architecture, so as to present their ends, not their sides, to 
the shot. In 1790, ivhen the foit was again attacked, one of the cnrtams was 

breaclied in a few hours. ^ , 

9. If all the worhs at a fort he constracted of mud, the breaches m each enclosure 
or line of defence will he better and more quiokly effected by mining than by batter- 
ine-auns - for such is the nature of these earthen reyetments, that the shot bury and 
lod^ themselyes in the mud without bringing it down. Liye sheUs, the effect of 
which against earthen works has been preyed in Europe to be much greater than 
that of shot, may be also used to adyantage ; but it may be justly asserted that there 
is no country in the world in which mining may be used for the purposes of attack 
to so much adyantage as in India, where the ill-flanked ontlme enables the miner to 
lo dge himself at once in the face of the rampart, without the necessity of approaohmg 
it by galleries, and where the mud of which the works are composed is soft enough 
to he penetrated with ease, and yet of suffleient tenacity to stand without wood-work 

of any description. - . x* • .i. 

10. Captain Goyentry, of the Madras Engineers, tried an interesting experiment 

connected with this subject in the year 1811 at Amnlnur. It was his intention, 
in the attack of that fort, to haye breached the rampart by rnimng ; hut, as the place 
surrendered without resistance, he resolyed, on receiying an order to destroy the 
works, to put to the test the plan of operation that he had previously determined to 
pursue if the place had stood a siege. Accordingly he ran a gallery under one of the 
eircular towefs, and placed llOOa. of powder in the chamber, the Ime of least 
resistance being 22 feet; and although the powder was of inferior gnality, being 
made by the natives, the effect of the explosion was very considerable, throwing down 

the whole of the tower and part of the adjacent curtain. 

11. It maybe remarked that it is better to effect a breach byminingthan by 
battering-guns, so far as regards the expenditure of shot; not so much, however, on 
account of the expense as the difficulty of conveying a sufficient quantity of this most 
essential article of store. 

12. Even this is a matter of some conseq^nence, if it he considered that it may 
req^nire three months to convey the shot to the advanced divisions, and that it may 
he a year or more before they are used ; that in the Madras Service they are always 

transported on bullocks, each of which carries only four 18 -ponnd shot, and inyolves 

an expense of nearly five rupees a month, over and above the prime cost of the animal. 

13. In regard to the best hour of storming a fortress, after practicable breaches m-e 
effected by the hatteiing-gun or by the mine, opinions are divided. The morning, 
noon, and night have each their advocates. 

The storming of Seringapatam took place in the middle of the day ,* hut it appears 
that the unusual hustle of the preparations in the trenches attracted the notice of 
several of Tippoo’s principal officers, v?ho vere fully aware of the intended assault, and 
requested him to prepare for it, — hut in vain, — as a blind fatality seems to have 
characterised all his actions towards the close of his life and reign, 

Orme gives a strong opinion in favour of night attacks. After relating the extra- 
ordinary successes of the French under Monsieur Bussey, in 1750, in the assault of 
Gingee, he observes, that had the attack been made in daylight, it could not have 
succeeded, ffir the Moors, as well as Indians, often defend themselves very obstinately 
behind Strong walls ; but it should seem that no advantage either of numbers or 
situatkto can countervaxl tbe terror with which they are struck \vhen attacked at night. 
As a general i^kdple it is recommended,— subject, however, to such variations as 
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local circumstances may require, — to commence the assault in the rery early part of the 
morning, before there is sufficient light for the enemy to distinguish objects correctly. 
At this time they will also have had the fatigue of watching all night j and to exhaust 
the garrison the more, a false alarm in the course of the night may previously be 
resorted to. 

APPENDIX I. 

Notes on the Siege of Mooltan* 

1. The second siege was carried through with very little labour to the troops ; 
the amount of trench- work was smaller, and the dangerous part was chiefly 
executed by the Sappers, the working parties of the Line being employed in 
widening and improving the previous work. There is no doubt that Brigadier 
Cheape’s project of carrying the suburbs by assault, taking the town, and then pro- 
secuting the attack on the fort or citadel, saved much time and fatigue to the besiegers, 
which would inevitably have been incurred by the adoption of the attack on the 
north-east angle of the citadel, without dispossessing the enemy of their cover 
in the gardens and houses and city walls ; and, in all probability, with the city, they 
would have stood an assault, trusting to make terms in or to secure their flight from 
the town. 

2. The attack from the town after its capture was most judicious, and the breaches 
on that side would, owing to the destruction of the great mosque magazine on the 
30th December, in the upper line of works in the citadel, have been carried with 
greater ease than those on the north-east : this fact should not be overlooked, the 
site of a breach in a re-entering angle being deemed objectionable. 

Twenty-seven days were occupied in the operations of the second siege. Some of 
these might, perhaps, have been saved, and it is easy to look back j but considering 
the necessary loss of life in accelerating the attack, and the difficulties incurred in 
removing rubbish and clearing houses for the emplacement of batteries and magazines 
incident to an Indian city, the time that might have been gained is not now worth 
consideration. 

3. As for the details of the siege, the following may he worthy of notice ; 

The engineers’ works were probably too much in advance of the artillery j a more 
active enemy might have taken advantage of this ; and, as a general rule, the defences 
should be ruined before the sap is commenced. The fort of Mooltan is so far peculiar, 
that it might be impossible to silence it altogether; but the towers of the advanced 
line should have been destroyed at an earlier period by the 24-pounders in battery 
near the Shumstabrez. 

4. The artillery practice was most excellent, and the exertions of officer’s and men 
indefatigable. It is impossible to overrate the service rendered by the 8-iach and 
10-inch howitzers. The walls are mostly of mud, or brick and mud ; and it so hap- 
pened that the part selected for the breach was very defective, a mere facing over the 
old wall. In this the 24-pounder shot brought down large masses ; hut where the 
wall was sound, the shot buried themselves, whereas the shells penetrated, and then 
acted as small mines. Against a mud fort a howitzer must therefore be considered 
far preferable to a gun, though of course the latter would be more effective against a 
well-built stone wall. The inconvenience of howitzers is the difficulty of preserving 
the cheeks of the embrasures. The iron howitzer might, perhaps with advantage, be 
lengthened. 

* From Major Siddons’ (Bengal Engineers) Account of the Siege of Mooltan,” puHisbod in 
the ‘'^Coips Papers ” in February, 1850, 
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5. Lieut. Taylor, Bengal Engineers, who had charge of the engineer park during 
the siege, eonferihuted greatly to the security of the gunners by the supply of palm- 
trees roughly s<iuared, which were fixed at the throat of the embrasures, on which 
shutters of 4-inch planks were hung as mantlets. The only other noyelty in the 
engineering operations was the attempt to construct elevated batteries rapidly by 
building up the solid portion with fascines nine feet long, of which there was 
abundance. Four Officers of Engineers and two Sepoy sappers erected a two-gun 
portion in little more than half an hour, all the material being close at hand ; such 
batteries are, however, highly inflammable, and once on fire, cannot be extinguished, 
as occurred on the 9th January in one of them. 

6. Captain Siddons proposed a field powder-magazine of a new construction ; 
and inasmuch as it might afford sufficient jmotection against the vertical fire of an 
Eastern enemy, and would save much expense in the carriage of heavy splinter- 
proof timber, it might be expedient to experiment and report on it, which could 
be easily carried out at any station of the army where there is Artillery practice. 

7. Nine to ten feet of parapet was found to be amifie thickness against the Mooltan 
artillery.* In a portion of the parallel where the parapet was thinnest, not more 
than five feet of loose earth, a 14-pounder shot was observed to strike it fully and 
fairly : it passed through into one side of the revetting gabion, which merely fell over 
into the trench with the shot inside of it : the distance from the walls was 110 yards. 

8. The concussion produced by the salvos from one of the hi'eaching batteries which 
fired over the trench from which the mining operations were carried on, was very 
prejudicial to the progress of those works, and the want of casing, in substitution of 
the old pattern frames and sheeting, was very much felt. 

9. No siege was perhaps ever more completely supplied with engineers’ stores. The 
period during which the siege was delayed, pending the arrival of the Bombay Division, 
was most usefully employed by the Sappers iu making up gabions, fascines, pickets, 
&c., at a town called Shoojahabad, some twenty miles in rear of the army; while 
Lieut. Taylor, with a singular zeal and ingenuity, prepared all kinds of contrivances 
for facilitating siege operations, making Ms park quite a show. 

10. The carriage of gabions and fascines to the front w^as a difficulty, and the 
fascines were made in lengths of nine feet, instead of eighteen feet, to facilitate this 
operation, and a proportion of three pickets cut for each fascine. Both fascines and 
gabions were carried on camels, one camel carrying ten or eleven gabions tied on in 
an ingenious manner devised by Lieut. Oliphant. 

11. The gabions were 20 inches in diameter, and made as light as possible, so that 
they did not suffer in the carriage, but as 15,000 were made, and 12,000 fascines, no 
deficiency w'as experienced. The sap-rollers were made up as near the trenches as 
possible. 

12. Sand-hags were a most useful engineers’ store, and were in abundance, but 
very much wasted by the troops appropriating them to their own use. 

13. Phouras are useless constructing tools, and the proportion taken of them 

might be greatly reduced. 

A European soldier cannot work with them at all, and the 
Sepoy prefers the spade after a couple of hours’ practice with 
/ it. There is another advantage in giving spades to the 

— ’ vV Sepoys : they look on them as more of a military tool than 

the phoura used by the labourers of the country, and they 
therefore are more readily disposed to take them up. 

* Probably from the inferiority of the Sikhs’ gunpowder. 


SIEaE OPERATIONS IN INDIA. 


401 


APPENDIX II. 


Extract from a Note hy Captain T. W. Hichs, Field Commissary of Ordnance, 

Eomhay Owision, April S, lSi9. 

1st. Our siege-traiu platforms are Bombay, not Madras, and were invented by tlie 
late Major Millar of tbe Bombay Artillery. No platform can be better for siege 
ordnance : these platforms, during the siege of Mooltan, did not receive fair treatment, 
for various reasons, but cbiefly owing to my heavy ordnance carriages being half 
Bengal and half Bombay pattern : the former are made wider in the axle-tree than 
the latter. Each platform was made to fit its carriage, and the component parts were 
numbered to correspond with the number on its own carriage ; yet, conseq.uent on 
the batteries being formed at night, there were frequent mistakes, the narrow 
carriages being put on the wide platform, and vice versd. The platforms we used 
for the 8-inch howitzers are Bengal patterns, which were left in and brought up by 
me from the Sukher Arsenal p we hope never to see more of them. The Bengal 
10 and 8 inch mortar platforms are, I think, perfect ; most easily put together, and 
comparatively light. We hope they may be introduced in our Presidency. 

2nd. Your siege-train carriages are better than ours, owing to the axle-trees being 
wide, felloes much wider, limber-wheels lower than the gun-wheels, consequently 
the gun travels on its own carriage with facility ; the weight is equal. Our heavy 
ordnance carriages are too slight. Although the guns may be moved back to 
travelling-holes, yet all the weight is on the axle-tree; the muzzle of the gun is 
so low that elephants cannot be used to shove it on. I hope to see our heavy 
ordnance carriages improved. 

3rd. 8 and 10 inch brass mortars have long been abolished, yet this description of 
ordnance was years ago sent up to Scinde, and, for want of iron ones, these were i 

brought on for service. I 


APPENDIX III. 

During the siege of Mooltan, the Bengal artillerymen were so few that it was found 
impossible to afford a relief in the batteries without withdrawing gunners from the 
troops of horse artillery. A relief, however, was thus effected daily between three 
and four P-M. ; which was found the most convenient hour as it afforded time to the 
relieving of&cer to ascertain his range, &,c. before nightfall, and to prepare and fix 
his ammunition for expenditure , during the night. It was convenient also for the 
men In other respects. 

In the howitzer batteries, it was the practice to receive the charge ready weighed 
out from the magazine ; hut in the mortar batteries the charges were invariably 
weighed out in battery. The bursting charges of all shells were received in battery 
ready weighed out in small bags, and the shells were always filled hy means of 
a funnel, and fuzes prepared and set by means of a fuze-bench in the battery. Live 
shells were never sent down to battery from the magazine ; as no advantage in point 
of time was to be gained thereby, the preparing of shells being found, in the hands 
of expert men, to fully keep pace with the working of the ordnance. 

The practice was thus rendered very much more satisfactory, as the length of the 
fuze could be altered according to circumstances, such as the variation of strength of 
powder, which was found to he most dependent on the state of the weather, and 
even of the ordnance, which, as the day advanced, would gradually warm, con- 
tracting the dampness of the powder, and rendering necessary an alteration in the 
length of fuze. 
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The effects of the howitzers employed in breaching was a subject of satisfaction 
i and astonishment to all; indeed it is doubtful whether the natural mounds of the 

fort would have been practically breached without their aid. Even against the 
brick-work their effects were conspicuous. These shells, made to burst at the 
j moment of contact with the walls, afterwards during their passage through the 

revetment, and ultimately with a longer fuze in the earth beyond it, would probably 
■ (against such masonry) have alone effected practicable breaches without the assistance 

of heavy guns. 

\ At a distance of 150 yards both the 8 -inch and 10-inch howitzers were employed 

in breaching a scarp wall, part of which was invisible from the battery, and only 
reached by a plunging fire, obtained by my small charges, and succeeded admirably. 
At a distance of 35 yards, 8-inch howitzers were similarly employed w^ith a charge of 
8 oz, ; a very low velocity being requisite to prevent the shell from burying itself too 
far in the soft earth. Of the effects of the vertical fire, nothing could have afforded 
a clearer proof than the ruinous appearance presented by the interior of the fort on 
its sun-ender ; and the explosion of the great magazine, which took place within one 
hour of its site being indicated to the hatteries, was a subject of congratulation 
to the Bengal artillery employed, bearing testimony as it did to the accuracy of their 
practice', 

On the 9tb January, 600 shells were fired from an 8-inch mortar battery of six 
pieces in twenty-four hours, and the mortars did not suffer. ^No new feature, how- 
ever, presented itself from the employment of these pieces, nor from that of the 
heavy guns, which, however, vied with the mortars and howitzers in utility : doubt- 
less it is by a judicious combination of the three that such powerful effects are 
produced ; but it may be worth inquiring whether, in the siege-trains employed 
against fortresses in the East, built, as they generally are, of old and often crazy 
materials, a greater proportion of howitzers might not be used with advantage in 
cases where no particular object exists to curtail the transport of the shells, w^hioh is 
doubtless great. In addition to what has been above stated of the effects of these 
most useful pieces in mining the defences, and in counter-battery, which was con- 
spicuous throughout the siege, it may be remaxked that one shell was often found 
sufficient to silence the fire from an embrasure of the enemy for a whole day. 

Back-lashing platforms were used by the Bengal artillery throughout the siege for 
the guns and howitzers, and w^ere fonnd to answer most satisfactorily ; and the small 
Bengal mortar platforms, consisting of three sleepers upon which seven strong planks, 
each four feet long, were pegged transversely, were made up in the park, and thus 
taken down to the hatteries, w here they were expeditiously laid, and stood the firing 
both of the S-inch and 10-inch mortars without renewal during the siege ; the only 
difference being that for the 10-inch mortars other sleepers were laid transversely 
beneath, to prevent the platforms sinking. 

D. Newall, Lieut. -adjt. Bengal Foot Artillery, Mooltan Field Forces, 
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APPENDIX IV. 


Return of Engineers' Stores {Bengal and Bonibay) expended during the Siege of Mooltm^ from 
Sepiemler to January ^2, 


. , Names of Stores. 

'■4.. 

Number j , 
expended. 

.... 1..! 

A Augurs, carpenters,’ of sizes 

« • 


Axes, pick, with helves 


1153 

_ — helves, spare 

• 

1199 

• — - felling, with helves . 


200 

186 

pick, sap, with helves 


6 

— miners’, ditto 


2 

— — — — — — helves, 

spare 

2 

— push 


2 

pole . . . 


2 

B Bags, sand . . . 


35,304 

Bamboos . . .bundles 

36 

large . 


166 

— medium . 

. 

500 

r.vw^nT1 


75 

Baskets, wicker hand . 

’ 

57 

Bills, hand and hook . 


70 

Borax . . . . 

R)s. 

2 

Borers, jumper . 


3 

— hand, two feet . 


6 

Buckets, wooden water 


9 

— canvas, miners’ 

, 

11 

Barrows, hand, bamboo 


6 

0 Cakes of Indian ink 

, . 

1 

Candles, wax . 

lbs. 

48 

Chalk, European . 

lbs. 

7 

Charcoal, about 

lbs. 

16,000 

Chains, measuring 100 feet 

. 

1 

Chisels, trimmer, carpenters 

1 

— — - smiths’, of sorts . 

. 

1 

Cloth, canvas, European, fine, yds. 

10 

— — dosottee, white . 

pieces 

30 

Cotton . . maunds, about 

200 

E Fascines, each 9 ft. long, about . 

8000 

— — — ^ pickets, about 

. 

4000 

G GBue . . . . 

K)s. 

3 

Cabions . 


10,000 

Gauges, gabion 

. . 

12 

Gunny, single, new . 

pieces 

178 

H Hammers, hand, for boring bars . 

13 

smiths’ . 

. 

2 

sledge 


6 

Hatchets, hand, with helves . . 

'25 

Hides, bullock, dressed 


6 

half-dressed . . 

204 

' - — — ' — ^ — > raW' ' , ■ 

about 

300 

' -sheep, 'Taw ■, ■ ■ . ■■ 

' . 

50 

I Iron, raw . 

.lbs. 

33314 

hoop . 

lbs. 

10 

J Jumpers, iron . 


1 

K Knives, laboratory 

' . . 

20 

gabion . 


8 

L Ladders, royal patent . 

pieces 

2 

bamboo 


16 

scaling joints . 




S Names of Stores. ' , 

o ■ e, 

Ladles, dammering . 

Lamps, milling, tin . . . 

Lanterns, dark . • • 

Lorn . ... 

Lashing, country, for camel slings, 
yards 

Lead, pig . . . . fbs. 

Leyels, of all sorts . . . 

— universal, with "box . 

Line, country, log. . skein 
— - — — — -seizing. skeins 
^ — ' pieces 

M Mallets, large . . . . 

^ — small . . . . 

Mantlets, 6' x 5" x 3", wooden 
Match, slow . . skeins 

— , . , , 

— quick . . . . 

Mamooties, with helves 

without ditto . . 

- — helves, spare . 

Mining stanchions, 7 feet , . 

5 feet . 

— : 3 feet . . 

— 4 feet . 

cap and ground sills, 4 feet . 

3 feet. 

2|feet 

2| feet 

frames and shaft, complete 

■ — and descending gallery . 

top shaft, com- 
plete . . , , - . 

planks, sheeting 

Moonge . . . mannds 

N Nails, of sorts, about . lbs 
Needles, packing , . 

sail and sewing . . 

0 Oil, cocoa-nut . . gallons 

— mustard . , seers 

P Palms, steel . 

Paulins, waxed, small . , . 

Paper, Serampore . sheets 


Number 

expended. 


Pencils, lead, H H H . 

Pincers . . . , . 

Planks, fir, Ifi feet long 
Portfires . . . , . 

Powder . . . . tbs. 

magazine frames, large . 

small . 

Planks, sheeting, seesoo, small, 
(superficial feet) ' 
R Racks, tool, camel . , pairs 

Rods, measuring, 10 feet . . 
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EETUEisr OF engineers’ STORES — Continued. 


(Signed) Alexander Tailor, Lieut., late in Charge of Engineers’ 
Park with Mooltan Field Force. 


appendix' V. 

Bx^enditure of Shot and Shell dming the Ojiyemiions hefm^e MooUan* 

Goojrat, March 4, 1849. 


First Second rp 1.3^1 

Operations, Operations. •‘•ui.a.i.. 

24-pounder round shot .... ... 4386 4386 

18-pounder ditto 400 5011 5411 

24-pouuder case shot . . . . ... ... 

24-pounder Shrapnell shell . . . . ... ... ... 

18-pounder ditto .... 150 4 159 

18 -pounder ease shell . . . . . ... 314 314 

10-inch common shell . . . . ... 8450 3450 

10 -inch case shot . , . . . ... 1 1 

8 -inch common shell . .. . . 496 7189 7685 

5i-meh ditto 160 2918 6078 

5i-inch light-halls ... 50 50 

68 -pounder Shrapnell shell . . . . 100 20 120 

8-inch case shot 8 38 46 

8-inch carcases ... 102 102 

SJ-inch ditto ...... ... 30 30 

' (Signed) T. Christie, Lieut., Commissary of Ordnance, 

Mooltan Siege Train, 

N.E. —Powder expended Ordnance .... 85,331 lbs. 

Musketry . . . , 20,530 ,, 


Bengal. 


Names of Stores. 

■ O . 

Number 

expended. 

4a Names of Stores. 

3 

Number 

expended. 

Rods, measuring 6 feet 


2 

Twine, country, hemp 

. Bs. 

206 

- — 3 feet 

, 

11 

Timbers, splinter-proof, 8 feet . 

171 

<> -fisiaf 


1 




Rope, white, two-inch . 

fathoms 

50 

W Wax, bees’ 

. B. 

■ ■' ■ i 

S Sap-forks, long .. . 

. . 

3 

Windlass, mining . 

• . 

S : 

Saws, with frames * 


1 

Wood, baboot . 

pieces 

419 

— — tenon, carpenters’ 

. 

1 

— — seesoo 

pieces 

643 

— — cross-cut , . 

, , 

1 

planks, 3-mch seesoo , . 

10 

——hand . 

. . 

31 

^ — 2-inch, seesoo , 

113 

Saucisson 

yards 

300 




Scoops, miners’ . 

. 

6 

PACKAGE. 



Screws, small 

. 

10 

C Cases, packing, common, 

large, of 


— of sorts . 

. ms. 

11 

sorts . . . 


3 

— — ’Spare 


1 

^ 

small, of 


Shovels, with helves . 

. . 

276 

sorts . 


4 

— - helves, spare . 

• • 

80 

Camel hags, old . 


69 

mining, with helves , 

10 

Cloth, linen, old 

. yards 

10 

— — — sap, with helves 


24 

— — wax, old 

yards 

30 

Slings, camel . 


100 

Cotton wick . . 

. B. 

1 

Spades . . . 


50 

Gf Gfunny, single, old 

yards 

100 

Spirits of wine , 

gallon 

1 

H Hemp, country or jute 

, Bs. 

4 

Steel , . . . 

Bs. 

84 

L Lashing, country . 

Bs. 

48 

Stones, grinding, medium 

, 

1 

Line, seizing, country . 

.pieces 

34 

— troughs 

, . 

1 

N Nails, iron, of sorts 

Bs. 

3 

Spikes, jagged for guns 


330 

P Paper, packing . 

quires 

'■ '4: 

T Tape, common , 

bundles 

104- 

R Rope, jute . 

cwts. 

25 2 10 

- — ' Newar, IJ-inch . 

. yards 

5500 

T Twine, country, No. 3 

. Bs. 

20 

Thread, cotton . . 

Bs. 

23 
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Expenditure of Shot and Shell during the Operations lefore Modltan> 

Mooltan, FeTDruary 5, 1849, 


From a paper supplied by Captain T. M. Hicks, Field Commissary of Ordnance, 
Bombay Division. 

N.B.— Powder expended . .. . . . 56,900 lbs. 


Return of Siege Ordnance in lattering Mooltan* 


BENGAL. 


BOMBAY. 

Description. 

1 8 -pounder gnns, . 

8-incIi bowitzers . 
10-inch mortars, brass 
8 -inch ditto ditto 
8-inch ditto iron 
54 -inch mortal’s, brass 


No. of 
Pieces. 


Description, 
24-pounder guns . 
18-pounder ditto . 
10-inch howitzers 
8 -inch ditto 
10-inch mortars . 
8-inch ditto 
5 i -inch mortars, brass 


Total number of Bengal pieces , 82 


Total number of Bombay pieces 35 


PROPORTION OP ORDNANCE EMPDOTED. 


Guns . 
Howitzers 
Heavy mortars 
Light ditto 


Bombay. 

First 

Operations. 

Second 

Operations. 

Total. 

18 -pounder round shot 


3761 

8751 

18 -pounder case shot . . , . . 


206 

206 

8-inch Shrapnell Shell 


160 

260 

54 -inch or 24-pounder ditto . 


552 

552 

4§-xnch or 12-pounder ditto 


290 

290 

4f-inch or 9-pounder ditto . , . . 


106 

106 

10 -inch common shell . . . . 


474 

474 

8-inch ditto . . . . . 


6075 

6075 

54 -inch ditto 


1876 

1876 

4|-inch carcases . . .... 


10 

10 

8-inch case shot . . . . 


52 

52 

Hand-grenades , . . » . . 


680 

680 

Also various kinds from brass field-guns ) 


OKQO 


employed in the batteries , . , ) 


JtOOA 





Exclusive of field artillery. 
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Table of Btm'es required for an Engineer ParTc, to accompany a Siege Train comisting 
0 / 8 0 ?’ 10 gyms and from 16 io 20 mortars. 




Number 

Weight 


0 : 

Hi 

Description of Stores. 

of each. 

of each. 

Purpose for which required. 


A Axes, felling, witR Reives ) 
complete . . . J 

— — — Reives, spare 

— — pick, eommon, witR ) 

Reives . . /) 

• — - — — Reives, spare . 

— mining, witR ) 

Reives » . . \ 


B Bags, sand 


. 30,000 


Bamboos, large . . , 200 

hollow . 100 


.17,000 


Barrows, truck . 
Barrels, budge 

Baskets, wicker Rand 
Bellows, mining 


— smiths’, me- 
dium size, with frames 
complete . . . | 

Bill-Rooks 

Borax , . lb 

Borer,, earth . 


Buckets, wooden. , . 

0 Candle^ wax. . lbs. 
Chains, measuring (100 ) 
or 50 feet) . • • ) 

Charcoal . . lbs. 


O' Gauges, gabion . 
Ghee'-"';; 


' Cutting down trees, brushwood, 
’ enemies’ defences, &c. 


Intrenching and sapping. 

N. B. — Those in store weigh 
sometimes from 8 to 10 lbs. 


Mining in earth and masonry. 


Chevaux-de-frise , feet 1000 

Cloth, waxed, yards, 60, ) f. 

or pieces . . . J . 

Compass, box, mining . 2 

Crows, iron, large and ) ,, ^ 

small . . .5 

F Flags, park, with staff, 1 - 

&c., complete . , j ^ 

I Forks, sap, long . , 20 


' 12,000 for revetting and repair- 
ing batteries, 7000 loading and 
tamping mines, 6000 making 
loopholes and sapping, and 
500 spare. — N.B. On rocky 
^ ground, 50,000. 

For scalmg-iadders. 

For casing tubes. 

1 10,000 for making pickets for 
2000 gabions, 2000 for 5000 
fascine pickets, &;c,, and 5000 
spare. 

(Driving, tamping, and loading 
I mines. 

i In mining, for carrying filled 
I hose, quick-match, &e. 

( In mining, making batteries and 
( other field-works. 

For ventilating mines. 


240 For two smiths’ forges. 


Cutting brushwood, making fas- 
cines, gabions, &c. 

Repairing tools and stores. 

In mining, for making ventilating 
holes, &c. 


9 

100 

20 or 85 I 
100 


( Holding water to extinguish fires, 

( baling water out of mines, &c. 
Lighting mines, &c. 

Measuring mines, trenches, &c. 

Making and repairing tools. 

( Protecting the flanks and rear of 
( field-works. 

( Covering bags ef powder in 
( loading mines, &c. 

In mining and tracing field-works. 
5 Breaking down defences, mining 
( in masonry, &c. 

Distinguishing the engineer park. 

5 Sapping, and for setting up 
( scalmg-iadders. 

Making gabions* 

Burning in the mines. 


36 &25 
100 


W 
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STOKES REQUIRED POR AN ENGINEER VA.'RK^COntimed, 


Number .Weight 
of each, of each. 


Description of Stores. 


Purpose for which required. 


o \ Making cotton bags, covering 

I backs of scaling-ladders, &c. 

100 2^ ) Cutting tMck brushwood, large 

2Q I pickets, &c. 

Q 25 1 Breaking stones and removing 

( obstructions- 
10 94 & 44 In sapping. 

400 ) Making and repairing tools and 

200 j stores. 

100 4- Cutting string, &c. 

10 1 ) Loading mines, serving out tools 

12 2 ) and stores at night. 

40 4 Lighting mines. 

19 f A 1 A S mining, and tracing, levelling, 

\ and revetting field-works. 

Q-3 5 Tying scaling-ladders, making 

I rope, &c. 

100 14 Tracing. 

1000 140 i Marking boundary of engineer 

( park, I 

30 3| Making hose. i 

50 20 Driving large pickets, i 

A ( Driving tracing and other small 

{ pickets. 

4 1 Lighting mines. ! 

10 10 Ditto ditto, 

2000 7 Intrenching, &c. 

1 2. J Beplacing broken ones and making 

( fascines. 

4 6 ^4 Measuring powder. 

200 ... Making hose, cotton bags, &c. 

50 Making mining-tubes, boxes, &c. 

o o S Cleaning and preserving tools and 

^ ^ ( stores. 

20 ... Sewing. 

^2 I Marking the boundary of the 

20 2 Mining. 

100 ... Yentilating mines. 

200 10 to 30 Profiling, mining, &o. 

600 SO to 60 

120 150 Making powder-magazines. 

15 1 Firing mines, 

5000 Ditto. 

100 154 Making field-works. 

( Tying fascines and making light 
' I gabions. 


Cnnny, 34 x 2| yds., pieces 

H Hatchets, hand, with ) 
helves . . . t 

helves / 

spare . . . ( 

Hammers, sledge 

Hooks, sap, long and short 
I Iron, bar, European . . 

country . 

K Knives, laboratory . . 

L Lanterns, dark 

horn , . , 

Lamps, mining 
Levels, ground, squares ) 
and bevels, of sorts, > 
with bobs . • • ) 

Line, country, seizing ) 
skeins (50 yards) . j 

logj bun- ) 

dies (50 yards) . , ) 

park, feet . 

Linen, dosottee, pieces 
M Mallets, large , . . 

small . 

Match, slow, country, ) 
bundles j 

quick . . 

Mamooties, with helves . 

helves, ) 

spare . . . ) 

Measures, powder, large ) 
and small , . . ) 

N Needles, sail and sewing . 

; Nails, of sorts 

0 Oil, mustard , gallons 
P Palms, steel . . . 

Pickets, park . 

Picks, pushing . . . 

ventilating, 400 ft. 

Planks, 4 ill* thick, and ) 
from 4 to 12 ft. long , \ 

1| in. thick, and ) 

from 4 to 8 ft. long ( 

Saul, 24 inches) 

thick, and from 4 to > 
12 feet long . . ) 

Portfires .... 
Powder, ordnance . . . 

R Rammers, earth 

Ratans, 10,000, or bundles 
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STOBES BEQTJIRED FOR AN ENGINEER PARK — COnthlMd, 


Description of Stores. 


Eeels, camp, with Hues - 
Rope, jute, sheins of 30 yds. 
Rods, measuring, 10 feet , 

— '$ feet . 

2 feet . 


Saws, cross-cut 
— " hand 
Shovels . . 

— helves, spare * 

mining 

Spades . . 

Spirits of wine gallon 
Steel . . . . . 

Stones, grinding, with ) 
troughs . , . ) 

Scales, large, with tri- j 
angle, &c. . . ] 

— medium, copper . 
Spars, Saul, 4 in, sq.uare, ) 

and 6 to 10 feet long j 

— 6 in. square, j 

and 12 feet long , ) 

Tape, Newar , yards 

Tallow , . 

Tarpaulins, 17 x 11 feet . 

Tent, laboratory, large . 
— — small . 


W 


Tin, sheets , . 

Thread, cotton, coarse 
sewing 


Twine, country, hemp , 

— — — moonge 

Tools, carpenters* chest 
— hlacksmiths’ chest 

- — — mining . chests 
^ax, hees* , . . 

Weights, brass . set 
— iron . . set 


tTumher 
of each. 

Weight 
of each. 

5 

o * 

1500 

24 

m 

34 

60 

1 

20 

' 1 

2 

16 

30 

2 

1000 

44 

250 

2 

50 

4 

50 

5| 

1 

7 


10 

2 

200or300 

1 

204 

1 

134 

60 

40 to 67 

40 

180 

2000 

soo 


50 

SO 

76 

1 

1120 

1 

1019 

25 

1 


40 


20 


. 20 

.... 

*4000 

1 

188 

1 

332 

2 

518 

1 

■'.I',. 

1 

2 

1 

168 


Pmpose for which required. 


Tracing. 

Tying fascines, &c. 

Tracing, sapping, and mining. 

Cutting up timbers. 

Gutting up fascines, &:c. 

Sapping and intrenching. 

Mining. 

Intrenching and cutting sods. 
Mining. 

Making and repairing tools. 
Sharpening and repairing tools, 

I Weighing stores. 

Making mine-frames j making 
and repairing tools and stores. 

Tracing at night. 

( Preserving stores, greasing truok- 
( wheels, &c. 

\ Protecting stores from the weather 
( and powder from damp. 

) Preserving stores from the wea- 
} ther. 

V Making and repairing ventilating- 
( tubes. 

For lamp-wicks. 

Making hose, &c, 

Sewing gunny, &c. 

C Tying casing- tubes, making ga- 
( bions, &:g. 

) Making and repairing tools and 
) stores. 

( Mining in rock and masonry. 

( N.B. The new sets of tools. 
For the use of the tailors. 

( For weighing small articles of 
( store. 

For weighing large articles of store. 


(Signed) Joseph Taylor, Major. 

W. R. FitzGerald, Captain, 
J. Thomson, Captain* 




IRREGtrLAK 


VOL. ITT. 


SIEGE, IRBEGULAR.^— An irregular or accelerated B>i% 2 i>Qk (attaqm lm8qm) i% 
one in wMoli the tedious forms prescribed for the reduction of fortresses are vholly or 
in part dispensed with, and much judgment is required in the Q-eneral and the Engineer 
to know when it may be applied with effect ; that is, to reject each form in precise 
proportion to the defects of the place or the force of circumstances, and no further ; 
for there must be more or less risk of failure in operations so conducted, if applied 
in excess, whereas nothing ought to be more ijertain than the result of those that 
are conducted on regular Siege principles. 

Two leading causes may justify such an accelerated attack : 

I. Defects in the fortifications, or in the state of the garrison and its supplies, 
admitting of a voluntary and reasonable course of px*oceedmg for shortening the 
operation. 

ir. The force of circumstances in the condition of the army attempting the reduc- 
tion of the place, which may oblige the Commanding General to an irregular pro- 
ceeding that would be otherwise unjustifiable. 

hfothing can be more precise than tbe principles for the reduction of any fortress, 
and nothing more imprudent than to deviate from them unnecessarily^ but the 
ordinary rules deduced from those principles assume the fortifications to be well pro- 
vided with everything requisite for a good defence. 

In proportion as either of these are defective, the regular forms that otherwise 
would be required may be dispensed with, The following are among the cases in 
which advantage may be taken of these defects ; 

1. Treachery, or very culpable negligence on the part of the garrison, may admit of 
a place being taken by surprise ; but this may happen to the strongest and best pro- 
vided fortress, and is not meant to be treated of in this article. 

2. A General may be frequently justified in making an assault by escalade, where 
a place is under a combination of any of the following risks : if it has escarps not 
exceeding 24 feet in height, or wholly or in part unflanked, no revetted outworks, nor 
a wet ditch, or a garrison extremely weak in number, in proportion to the extent of 
the enceinte. 

3. If the fort or fortress is of small interior capacity, unprovided with adequate 
bomb-proof cover, and the attacking force is weE supplied with artillery and pro- 
jectiles, particularly with mortars and shells, it is frequently to be reduced by bom- 
bardment alone. Large populous towns have been reduced by a general bombard- 
ment directed on the houses, lives, and property of the inhabitants; but this is an 
unmilitary proceeding, and in modern days considered an unjustifiable course, fre- 
quently resisted with success, when the assailant will be compelled to retire with odium 
as well as disgrace. ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

4. The rules laid down for siege operations comprise a variety of works and pro- 
ceedings for surmounting the distinct impediments that are presumed to exist for the 
purpose of retarding the besiegers. In proportion as the garrison shall be without 
the means of applying those impediments, the works defined to overcome them 
will become unnecessary. Thus, if the strength or composition of the garrison or the 
nature of the ground will preveut sorties, such part of the parallels as serve for the 
guard and defence of the trenches will become superfluous ; and for the same reason 
the first works may be greatly advanced, for the fire of the artillery will not prevent 
the trenches being opened and established very near the place. Again, if the 
of the body of the place are 
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distance, tlie serious difficulty and delay of establisMng breacMng batteries, Tery 
close, may be aYoided ; and if connected with this disadvantage, tbe breaches so 
formed have at the time no available flanks, and are not covered by outworks, or 
only by such as are very imperfect ; the advance of the storming parties may be also 
from a distance. Although the breaches may be opened from a distance, it will not 
be done until the besieger is in a position to storm them as soon as they become 
practicable. 

5. Again, if the garrison is very short of artillery and ammunition, great liheriies 

may he taken in the progress of the siege. 

Advantage ought to be taken of all such circumstances as above enumerated, under 
any condition of tbe army of attack,— using judgment and consideration, however, as 
to the extent to which deviations from ordinary practice may be justifiable. 

Occasions, however, arise where a General has only the alternative of attempting 
these iiTCgular operations against fortifications not strictly exposed to them, or 
of foregoing important advantages that would he open to Mm hy the reduction of the 
places. 

He may be essentially wanting in the necessary equipment for the siege in form, in 
ciuality, in quantity, or in all these ; or he may not be master of the proper season, 
or not possess a knowledge of a power in the enemy to bring against him/a sufficient 
army to oblige Mm to raise the siege, before the period upon which he can rea- 
sonably calculate as necessary for the termination of the process of a regular siege. 
In these cases he must well calculate his means and the consequences of the enterprise, 
which may be— 

1. The time and sacrifices that will probably he required by the most energetic pro- 
ceedings it is in Ms power to adopt. 

2. The probability of success or failure. 

3. The consequences in either case, or of the alternative of the more cautious 
system of not making the attempt at all. 

No more striking illustrations of operations of this character can he given than 
those of the sieges in thePeninsula hy the Duke of Wellington, —all of them, hy the 
force of circumstances, carried on necessarily against both riiZc and principle* In 
some, time could not he given for a siege in form ; in most, there was a deficiency of 
artillery means, owing to the difficulty of transport in that country j and in all, the 
Engineer departments in organization and means were thoroughly inefficient. In 
Jones’s * Sieges ’ will be found many interesting lessons in these irregular attacks of 
places, exhibiting their hazardous character, and how success was so often obtained 
solely by the admirable dispositions of the General commanding, the zeal and devo- 
tion of tbe Officers of the Ordnance Corps, and the energy of the troops. 

J. F. B. 


SIEGE AND ENGINEER EQUIPMENT. — This subject is now again 

under consideration in order to perfect the necessary arrangements for the transport 
of^engineer stores, &c. As a result of the late war, there is now an engineer-train, 
with waggons, as a nucleus for further operations ; but to be really effective it requires 
to be very largely augmented, and some changes introduced in the organisation. All 
the stores required by the engineers, — except the tools for ordinary working parties, 
which should be carried in bulk, — including a complete pontoon-train, similar to that 
recommended by Captain Fowke, R.E., should he conveyed with the force by the 
engineer-train, w^l-horsed, so as to ensure their keeping up ; and the waggons for a 
company should be so arranged that the men of the company may, if necessary, he 
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carried upon them in rapid movements. The present arrangement gives six waggons 
and one forge cart per company of 120 men, divided as follows — 

Sergeants. • dV Carpenters . , 26 

Corporals . • 6 ! All trained Masons . . . 22 

Second ditto . 6 artificers. Bricklayers . . 11 

Sappers , . lOoj Smiths . . . 9 

Buglers . . 2 "Wheelers . . ,3 

Coopers . . .1 

Painters ... 7 

Tailors . , . 4 

Collar-makers . . 3 

Miners . . . 14 


All trained 
artificers. 


100 Sappers. 

Distribution of Tools, Materials, &c., to each WAaGON, for a Comfanx of 
Eotal Engineers IN THE Field. 



^ s 

IV^aggons. J ^ 


B 

o O 

1 

2 " 

I & 1 

3 4 5 6 ^ 

Carpenters’ tools, including nails, &c. 

5 

1 

1 

111 

Smiths’ do. . 

2 

1 

1 


Tinmans’ do. . . . . . 

1 

1 



Farriers’ do. 

2 

— 

— 

1 1 

Coopers’ do. . . , . . 

1 

— 

— 

— 1 

Bricklayers’ and Masons’ do. . 

1 

— . 

■ — . 

1 

Oollar-makers’ do. . . , . 

1 

— 

. — . 

1 

Axes, pick . . . . ^ 

50 

10 

10 

10 10 10 

felling . . . . . 

18 

3 

— 

8 3 9 

— (Canadian) . 

24 

6 

6 

6 6 

Barrows, hand . . . . . 

6 

__ 

2 

2 — 2 

Bars, crow, 5 ft. . , . , 

4 

2 

2 


4i ft. . . . . 

4 

— 

2 

— 2 

-.2ift., . . 

4 

2 


— — 2 

Bags, leather, for 60 lbs. powder 

12 

6 

— 

— — . 0 i 

sand . . 

1000 

200 

200 

200 200 200 

Billhooks . . . . . . 

20 

4 

4 

4 4 4 i 

Blocks and tackles . . . 

2 


— 

„2 , •! 

Canvas, bolt , . . . . 

1 

— 

— 

1 

Chokers, fhscine, prs. 

4 

— 

!' 2'' 

' '2 

Composition, waterproof, lbs. , . 

15 

3 

3 

3 3 8 

Grease, lbs. . . . 

10 

2 

2 

2 2 2 

Handles, spare shovel . • . 

25 

5 

i 5 

5 5 5 

Helves, spare pickax© . . 

25 

5 

5 

5 5 5 

felling' axe' ^ , 

12 

2 

'■ — 

2 2 6 . 1 . 

Ink bottles . 

4 

. — 


— — 4 j 

Jacks, iron screw lifting . . . 

2 

■ 


1 1 1 

.Knee caps ■ ' . • ■ «'■' . ' ■ ■; ' ■ 

4 




i ■ 4 ■ : . ' . i 

Knives, gabion . . . . . ' 

10 

- — 

' 5 

^ n ' i 

Ladders, scaling, 12 ft. . . . ^ 

2 


— 

— 2 : 1 

, ' ' . 6 ft. . . ' . ■ . 

1 

, — ' 1 

, .. 

1 ! 

Levels, field service 

6 ; 

2 ',i 

2 

— — 2 ; ! 

f Tracing, oO yds. . . . 

3 i 

— 


— — 3 1 i 

S j Hambro’, in skeins . 

3 

— 

— 


1 Marline, white . . . . 

3 

— 


^ — .3..., 

tarred 

3 

— 


. — — ■ 3' ■ 



Waggons. 


SIEGE AND ENGINEEB EQUIPMENT* 
Bistribtjtion OB Tools, Materials, &c. — Goyitinued. 


Description of Articles, 


Locks, pad , . • . 

Mallets, beetle . * * 

Pens, steel, boxes . 

Pencils, lead . . * 

Pickets, park . . . 

Hope, tarred, 3 -in coils . 

' . 14-in. do. . . 

Bods, boning, sets . 

measuring, 6 ft. 

■ 4 ft. . 

— 10 ft. . 

Skovels, 

Spades . . . 

Spun yarn, lbs. 

Steelyards, complete * 

Tapes, measuring, 50 ft. 

tracing, 50 yds. i 

Tarpaulins, 7 yds. X 6 yds. . 

. — — 4 yds. X 3 yds. 

Mining tools, 1st box containing— 

4 Jumpers, 7 ft, . 

1 Tamping bar, 7 ft. , 

1 Worm, 7 ft. 

1 Needle, 7 ft. . . ' . 

1 Scoop or scraper, V x 3 
2nd box— 

5 Jumpers, 7 ft. . 

1 Needle, 7 ft. . . . 

1 Scoop, 7' X 84" . * 

3rd box— 

9 Jumpers, 5' 6" . 

2 Crows, 4' 6" 

2 — 3' 6" . . . 

1 Boring bar, 5' 0" . 

1 Worm, 4' 0" . . » 

2 Needles, 4' 0" . . 

1 Scraper, 4' x I4" 

j 1 Tamping bar, 4' 0" 

I 4tlibox — 

2 Grows, 2' 6" . • 

1 Boring bar, 2' 6" . 

2 Sledge hammers 
6 Striking do. 

1 Powder-horn . . • 

2 Priming wires 

9 9" wedges * 

9 10" do. 

Match, slow, lbs. . . - 

Beckford's fuze dry soils, fms. 

damp do., fms. 

Portfires . . . 

— — sticks 
Horse-shoes, sets 
Grindstone, 10-inch 
-^.^ISdnch . 







* 11 ^' . ip^ 
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SOD-WOEK — STAFF. 4)iD 

SOD-WOEK 0 / 'Sod-work forms a strong and durable 

revetment : t tbe sod should be cut from a well-clotbed sward, with the grass of a fine 
short blade and thickly matted roots. If the grass is long, it should be mowed 
before the sod is cut. 

Sods are of two sizes ; one termed * ** stretchers,” 12 inches square and 4| inches 
thick ; the others termed “ headers,” are 18 inches long, 12 broad, and ij thick. 

The sod revetment is commenced as soon as the parapet is raised to the level of 
the tread of the banquette. A layer of sods is then placed either horizontally or 
inclined a little inwards J from the banquette : the layer consists of two stretchers 
and one header alternately, the end of the header laid to the front. The grass 
inside is laid downward, and the sods should protrude a little beyond the line of the 
interior slope, for the purpose of trimming the layer even before laying another, and 
to make the slope regular. The layer is firmly settled by tapping each sod as it is 
laid with a spade or a wooden mallet, and the earth of the parapet is packed closely 
heyond the layer. 

A second layer is placed on the first, so as to cover the joints, or, as it is termed, 
to break joint with it ; using otherwise the same precautions as in the first. The 
top layer is laid with the grass-side up, and in some cases pegs are driven through 
the sods of two layers, to connect the whole more firmly. 

When out from a wet soil, the sods should not he laid until they are partially 
dried ; otherwise they will shrink, and the revetment will crack in drying. In hot 
weather the revetment should he watered frequently until the grass puts forth. The 
sods are cut rather larger than required for use, and are trimmed to a proper size. 

a.a.L. 

STAFF.— In the British Service the of the Army is composed of the following 
Departments : 

1. The Quarter-Master-G-eneral ; 

2. The Adjutant-General; 

3. The Military Secretary. 

These form component parts of the Horse Guards, London, the office of the General 
Commanding in chief, and through which departments of the army all business 
is transacted of which that high personage has the control, and which is limited to 
the ‘persond of the army, the finance being a separate and independent branch under 
the Secretary at War, holding a seat in Parliament, and a Cabinet Minister, who, 
since the abolition of the Board of Ordnance, has charge also of the materiel. 

The duties of the Quarter-Master-Oeneral embi’ace the disposition, movements, 
and quartering and embarkation and disembarkation of the troops. 

Those of the Adjutant-General include the economy, discipline, recruiting, clothing, 
and general efficiency of the service. 

The duties of the Milltarij Secretary are the general correspondence with the 
Commander-in-Chief, and the appointment and promotion of the officers of the 
Army..', 

The peculiar constitution of the government of Her Majesty’s Land Forces arises 


* Prom a Treatise on Field Fortification, "by D. H. Mahan, Professor in the United States’ 
Militaiy Academy. 

t For the interior slopes of parapets and profile walls. 
t That is, perpendicular to the interior slope. 


'7 







r 


I 




from tlie natural jealousy of a free State, wliere the people are averse to military 
govemmenli, and are willing to distribute the patronage and control among as many 
independent departments as possible, without absolutely impeding the working of 
the system. During peace, the several duties, comprising Mmnce, 

MaUrkli do not clash, and being under the control likewise of the Sovereign and a 
responsible government, the business of the army is carried on without difficulty. 
As adjuncts to the staff at the Horse Guards, are the Medical Department, the 
Ohaplain General’s Department, and Judge Advocate’s Department, subject to the 
control of the Commander-in-Chief. 

These departments are attached to the head- quarters of an ai‘iny, or the divisions 
of an army in the field, in the colonies, and in the several military districts at home, 
each having a 


Deputy or Assistant Quarter-master-General ; 

,, ,, Adjutant-General ; 

Military Secretary; 

Senior Medical Officer : 

Commissary General ; 

Commanding Officer of Artillery ; 
Commanding Engineer ; 


the four last being heads of departments, reporting likewise to the Chiefs of Depart- 
ments in England ; but the duties of the first are identical with those of the Horse 
Guards, with the addition to the Adjutant- General of the regulation of the supply 
of musket-hall ammunition, and to the Military Secretary of recording the expen* 
diture authorised by the commander of the forces. 

The officers of the Quarter-Master-General’s department in the field have special 
duties entrusted to them, which the following order of the late General Sir George 
Murray, Quarter-Master-General, to his officers in the Peninsular war; will explain, 

“The following points are to be particularly attended to by an officer of the 
Quarter-Master-General’s department attached to a division of the army or to any 
other corps : 

“He is to be at all times informed of the strength of the corps to which he is 
attached, what detachments have been made from it, on what service, and to what 
places.' ■ ■ ' " '■ ■ 

“ He is to be generally informed in regard to the supply of the troops with pro- 
visions and forage, to know whence the supplies are drawn, whether the issues are 
regular, and what means of conveyance are attached to the division or are within 
reach of being applied to its Use either for commissariat purposes or for other services 
that may occur. 

^ * He will attend to the division being kept complete in articles of camp equipage, 
intrenching tools, mules, and such other equipments for the field as are allowed, and 
he will collect and transmit to the Quarter-Master-General the returns which regiments 
are ordered to give in, monthly, of articles of field equipment, a form of which return 
is annexed (B). 

“It is the duty of the Assistant Quarter-Master-General to allot the quarters of 
the division when it is cantoned, and to fix upon the ground which it is to occupy 
when it is encamped or hutted, or when the troops are to bivouac. 

“Whe® the whole division, or a considerable part of it, is to he quartered in the 
same town or village, it may save time to divide the houses into lots, and allow the 
several corps to draw for them (unless some particular distribution of the troops has 
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been ordered), making allowances afterwards for inequality of strengtb, as may be 
necessary. 

The allotment of the quarters of each corps in detail must be made by the regi- 
mental Quarter-Masters or other Officers sent forward by each with the Assistant 
Quarter-Master-Oeneral for that purpose; in like manner as it is their business to 
divide the ground, and mark out the streets, for their respective regiments, when the 
troops encamp. 

‘ ‘ Regimental Officers must at all times take their quarters within the district of 
the town which is attached to their respective corps. 

‘^The Gfeneral Officers who command brigades should, if possible, be quartered also 
in the vicinity of the troops under their orders. 

‘‘ The quarters of the Greneral Staff attached to the division should he fixed with 
reference not to their rank alone, hut more especially with a view to the convenience 
of those branches of the Service which they have to conduct, and to their being near 
the quarters of the Gfeneral commanding the division. 

‘‘The guns and carriages of the Artillery should be parked in some open space 
where they are not in the way, and whence there is easy access to the road : an 
Officer of Artillery should be sent forward to assist in the arrangements for that 
branch of the Service, in like manner as an Officer should be sent from each regiment 
and department. 

“The Commissariat Department should be placed in a situation where the carts 
and mules attached to it, or the making the issues to the troops, will occasion the 
least possible obstruction and embarrassment. 

“ A guard-room should be marked in the situation most convenient for the pur- 
pose, and alarm-posts should he assigned to the several corps ; it will rest with the 
General Officers of the division to order whether or not the several regiments shall 
march to their alarm-posts on their first arrival at the cantonment, and be from 
thence distributed to their quarters. 

“It is desirable that the Generals should each send forward an Officer of their 
personal staff to mark their quarters, as it must frequently happen that the Assistant 
Quarter-Master-General is prevented by his other duties from making the best selec- 
tion for them that the place affords. 

“ It will depend upon circumstances whether or not the Assistant Quarter-Master- 
General can precede the march (which on all ordinary occasions, however, he ought 
to do) long enough to enable him to complete all the arrangements above mentioned 
before the arrival of the troops. 

“The Assistant Quarter-Master-General should lose no time in making himself 
acquainted with the country in the neighbourhood of the cantonme. ts, and he should 
make, at the same time, a tracing or sketch of it, showing the situation of the several 
villages, the roads by which they communicate, the nvulets, Jcc. 

“He will receive the orders of the General Officer commanding the division in 
regard to placing the outposts or picquets that are deemed necessary, the instmotious 
to be given to each, and the connection to be established with the outposts of any 
other corps. 

“ When two or more divisions are to take up their quarters in the same town, or 
are to encamp together, the several Officers of the Quarter-Master-General’ s depart- 
ment who are attached to them will make their arrangements in concert, as may he 
best for the Service in general. The senior Assistant will be responsible, however, 
that no improper interference and no delay in providing for the accommodation of the 
troops take place. 

“ When a division marches, it will be the business of the Assistant Quarter-Master- 



Gf6iieral (if not previously sent forward) to see tlie colunm formeclj and to take care 
tkat tlie several corps, the artillery, tke baggage, &c., are ail in their proiDer places, 
and that there are no imnecessary intervals during the march : he wiE he with the 
advanced guard (if not otherwise ordered); he will cause all obstacles that would 
interrupt or delay the march of the troops to be moved out of the road, and will order 
such temporary repairs as are necessary, and as can he effected by the pioneers at the 
head of the column. 

*‘In most ordinary cases, however, the repairs of roads, bridges, &c,, requisite to 
facilitate the march of troops should he done by the people of the country, upon an 
order to the magistrates from the general or other Officer commanding in the neigh- 
bourhood, for that purpose. 

*‘When the division is to encamp, it is the business of the Assistant Quarter- 
Master- General to point out the ground to he occupied, and show how it is to be 
taken up : he will ascertain and point out how the troops can enter the camp with 
the greatest ease, where wood and water are to he found, and what communications 
must be opened either between the several corps of the division itself, or to enable it 
to communicate with other divisions on either ffank in front or in rear. 

‘ * On ordinary marches, it will in general be unnecessary to take up as a military 
position the ground to he occupied, and it will be better to place the troops in such a 
manner as will be most convenient for wood and water, for shelter, and for moving 
into the road again on the nest march : the troops will, by such attentions, be saved 
from a great deal of unnecessary fatigue, in which view also they must never he kept 
waiting for their qnartefs or their ground of encampment at the end of a march, as 
all arrangements that depend upon the Officers of the Quarter-Master-Generars 
department ought (except in estraordinary cases) -to be completed before the troops 
'arrive. 

“An Assistant Quarter-Master-General employed with a division of the army 
ought to have an interpreter, and he will be allowed to charge his pay in his contin- 
gent accounts, having previously reported the rate of pay to the Quarter-Master- 
General, and obtained his sanction for it. ' 

“ He must be constantly provided with guides also, when the division is in the 
field, and more especially if it is moving or acting separately from the body of the 
army, so that in the event of any sudden movement of the whole division, or of any 
detachment from it, either during the day or night, guides may be always at hand : 
such should be selected, if possible, as are not only capable of showing the road from 
one place to another, hut as are also men of intelligence, and who have a general 
acquaintance with the neighbouring country : these guides ought to he obtained 
through the magistrates of the country ; when permanently attached, they should 
have a fixed pay per diem, but when employed for a temporary purpose, they should 
be paid in proportion to the distance they travel, or the nature of the service they 
are employed upon, or other circumstances, and according to their being mounted 
or on foot ; all guides who are detained for a day or more should have rations 
drawn for them : guides taken from village to village on ordinary marches need 
not be paid. 

The other charges which the Officers of the Department are allowed to make 
against the public are specified in the instructions respecting the mode of making out 
their contingent accounts. "When Officers of the Department have occasion to issue 
rotten for the march of troops or convoys, or to individuals, they are to be made out 
according to form ; an entry is to be made of all routes, and copies are always to be 
transmitted at the time of their being issued, or as soon after as possible, to the 
Quarter-Mastef-General, and likewise to the Officer commanding at the station to 



wliicli tlie corps, tke convoy, or individuals are proceeding. It will be sometimes 
necessary to report tbe march, also to some intermediate stations throngb which 
troops are to pass, especially if their number is considerable, in order that prepara- 
tion may be made accordingly. 

(Signed) Geo. Murray, Q. M. G.” 

“ Oartaxo, Dec. 1810.” 


Return of Field Eg^idpinent for Qawlvy Regiments. 


Camp Equipage. 


Intreiichmg 

tools. Pack-saddles and mules 


\ a \ a \ a \ a \ a\ a] a\ 


I III 


ri I tiiiilli 


Received since 
last return . 


1 Serviceable . 


Unserviceable 
Wanting . . 


N.B. — The return for Infantry Regiments is the same, omitting the columns marked (a) 

The especial Duties of the Commissariat . — When in the field, this department has 
the custody of the military chest, the supply of everything necessary for the pro- 
visionment and forage of the army, and of advances to the several departments, — the 
supply of money, the transport of the troops, and the establishment of d6p6ts and 
magazines for furnishing the several wants. In the Colonies, the Commissariat has 
the charge of the military chests, the negociation of bills to keep up the supply 
of money, and it makes advances to Paymasters for the troops, and to the Heads of 
Departments for their disbursements : it contracts for provisions for the troops, and 
issues the same in detail, as likewise it purchases all articles obtained in the colony or 
foreign possession. This Department is under the orders of and is responsible to the 
General or Officer commanding for the execution of its duties at the various stations 
abroad. But the Commissariat is also responsible to the Treasury for all its acts, to 
whom it reports on all points of service, and the Officers of the department are 
dependent on the Treasury for promotion and appointment, and the organisation pro- 
ceeds and emanates from the Treasury. At Home, the services of the Commissariat 
are little required, beyond giving assistance in the administration of the Treasury 
branch of that department, and auditing the accounts. 

The duties of the Officers commanding the Artillery and Engineers at head-quarters 
forming part of the Staff of the Army, are to convey instructions of a departmental 
nature to the several detachments of those corps, and to afford information to the 
General commanding upon all points connected with their duties. These duties are 
explained under the articles ‘Engineer’ and ^Equipment.* 
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The Senior Medical Officer in a similar manner affords information to the Gfeneral 
commanding of the sick and wants of his department, establishes depots for the sick 
and wounded, and controls and secures the officering of the whole medical depart- 
ment.. 

In Foreign Service, the Military Staff is under one head, the Chef d'Etafe Major 
and the Etat Major is mostly educated expressly for its respective duties. Besides 
Woolwich for the Artillery and Engineers, we have now a Staff College for the Staff of 
the Army, and the appointments for the Quarter-Master-Gleneral, Adjntant-Ceneral 
and Military Secretaries, as well as personal Staff of Gfeneral Officers, are directed to 
be generally filled from that source. 

The object of this short sketch is to give the composition of the Staff of the 
British Army, rather than an explanation of its duties, which can only he acquired 
in the field. On actual service, activity and intelligence are the chief essentials, and 
a Gfeneral commanding either a division, a corps, or an army, can never move a force 
successfully and without confusion, unless he has intelligent Officers on the Staff to 
direct the movements, and who possess also a perfect knowledge of the country. 

The Gfeneral himself must remain near his troops, hut the Staff will have pre- 
viously learnt the nature of the country, and guide and provide for their movement 
in all unforeseen difficulties.— 0. G. L. 


STATISTICS.'^— -The statistics of a subject on the facts connected with that 
subject, and the art or science of statistics, consist in so arranging those facts as to 
exhibit them in the clearest light, to show their connection with or dependence on 
each other, and so grouping them in heads, or sub-heads, as to reduce the leading 
principles to as small a number as possible. Thus in Natural History we have orders, 
classes, genera, species, a.nd varieties, several of each lower denomination being con- 
tained in the one next above it. The same may he said of every other science. The 
observations, and the clear record of those observations, form the first process of the 
Statistician, while the laws to be deduced from them, and the application of those 
laws to individual or special use, are the rich reward of his labours. 

It is needless to say that the value of observations depends chiefly on their accuracy, 
and the degree of intelligence as well as care with which they are collected, lest by 
the omission of some peculiar phenomenon, easily observed at the time, the value of 
the series or collection be impaired j and from this it will be seen that the statistical 
observer ought to possess a certain degree of knowledge of the science for which Ms 
collections are made. It is not indeed absolutely indispensable that the collector of 
vital statistics should he a Physician j nor that’ the collector of the statistics of trade 
and exchange should be versed in Political Economy ; but there can be no doubt that 
Ms observations will be more useful, and Ms labours will be of a higher order, if he be 
conversant with their object and with the uses which will afterwards be made of 
them, and. not only the immediate object, but objects connected or cognate with it, 
because so intimately blended are the numerous sciences, that none can be exhausted 
without contact with others. 

Individual exertion, however, is, generally speaking, so much more profitable when 
confined to one pursuit, that it is frequently sought to combine this advantage with 
the advantages of extended inquiry, by centralising the observations of numerous 
CO ectoira on a general and uniform system, rather than by the labour of one observer 


* By Major-General Sir Thomas Larcom, E.E. 
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ott many subjects. This is accomplislied by tbe circulation of queries and forms, tbe 
answers to wbicb are afterwards to be generalised and combined in one place, and 
this is tbe more necessary tbe more extensive tbe subject, particularly when new or 
recondite in its nature. In this manner our brother Officers, as a body, may be most 
useful wbenever it may be thought desirable to circulate such for any particular pur- 
pose. Of this we have a distinguished example, in the magnetic and meteorological 
observations which for some years past have been simultaneously carried on at 
numerous stations carefully selected all over the world, the British Colonial portion 
of which has been executed under a distinguished officer. Colonel Sabine, of the 
highest scientific attainments, by Officers of the Eoyal Artillery,* acting on instructions 
and forms previously prepared. No subject is at first more variable and more subject 
to disturbing causes, many of which were indeed unknown, yet we have begun already 
to see the results of this combined exertion, in which the British observations have 
borne so prominent a part, and already the multiplied facts have grouped themselves 
around laws which will shortly bring their object within the domain of the exact 
sciences. But numerous as the stations are at which observations have been made or 
are in progress, they are still far short of the number of our Colonies, and there is not 
one in which such observations would not he useful. Instruments are now to he had 
at moderate prices, with full and clear instructions for their use. The relative mor- 
tality of colonies has also been the subject of extensive inquiry, by the Medical 
Officers of the Army and Navy, with great credit to themselves and benefit to the 
country. In the article on Greognosy and Geology, in the second volume, Maj.-Gen. 
Portlock has pointed our attention to a subject of great practical as well as scientific 
importance, in which our combined exertions may advance a common end— a subject 
on which that Officer speaks from experience, as well as with .the authority of exten- 
sive knowledge of the subject ; and there is none perhaps of greater utilitarian scope, 
nor which, with its cognate branches of Natural History, will more amply reward the 
inquirer, by opening new objects of contemplation and interest at every step. These 
noble sciences have themselves indeed long passed beyond the category of statistical 
inquiry, hut they may be aided by it, and they lead to those of an industrial and 
social order, in which the field Is comparatively untrod, and in which the labours of 
the statist are eminently required. The value of a colony to a commercial country 
depends either on its productions, or its naval and military position in regard to more 
prodnetive districts, for which it may form an entrepdt, a place d’armes, a halting- 
place, or coaling d6p6t. An exact knowledge of those productions, or of those cir- 
cumstances, and of the changes which take place, or which may he made in them, 
becomes of the highest importance. 

The first general consideration in regard to a Colony would be its natural conditxou, 
or that in which it has passed from the hands of its Maker, and hei’e we have exact 
sciences to aid us, — its position on the earth’s surface in latitude and longitude, and 
its interior topographical delineation, now rendered easy to us from the number 
of officers and soldiers of the Corps who have been trained on the Survey. The 
Geologist and the Naturalist follow, and these are the preliminary investigations, on 
which all subsequent inquiries can best be based. Without them we should he in danger 
of proceeding on an useless quest ; with their aid, and the light they afford, we shall 
easily discern the object which the colony is most fitted to fulfil, and our statistical 
inquiries will be directed to the best means of forwarding that object. The resources 
of the country will perhaps he of a mineral nature, or they may he commercial, or 
agricultural, or its advantages may be of a purely miUtai-y nature. 


* Latterly by Officers of Royal Bngmeers.—En. 
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Tlie “ physical means ’’ by which these may he facilitated should next he considered, 
“those which the Grovernment may he expected to perform or assist, as public defences, 
buildings, lighthouses, roads, or harbours, and those which may safely he confided to 
indmdual enterprise, as machinery, or the more immediate means of industry ; next, 
the class of labour most likely to he useful j and here the subject of colonisation and 
convict labour, now prominent in the public mind, may be largely aided by our 
observations. It would he idle to send the colliers of Hewcastle or Carlisle to 
the pastures of Sydney, or the Agricultural population of the South Downs to the 
coal-pits of Cape Breton, The price of the several descriptions of labour, and of the 
commodity produced hy it, at the present and in former times, is the best guide 
to the class of inquiries which deals with the labour-market. The extent to which 
raw produce of every kind can he advanced in the various steps of manufacture 
through which they pass, before they are fitted for the use of man, should be 
carefully observed. To a certain extent this operation can he performed with 
advantage on the spot ; beyond that extent it will, generally speaking, he more 
profitable to export or exchange the commodity. On all these points price is the 
certain guide, and no economical inquiry, whether of production or manufacture, can 
he complete without it. 

The social position of a colony involves other considerations, and requires a 
dijTerent class of inquiry. The first subject would probably be an account of the 
population, British and native. Security and protection are the next and indis- 
pensable elements, without which organised society cannot subsist. In a colony 
these usually depend upon the mother country, aided financially by the colony, and 
they are more or less alike in all. Next in order is the administration of justice and 
law, and the degree in which the native customs or courts are employed. Education 
in all its branches should he the subject of careful examination, as well of the native 
as of the British population, and industrial or agricultural education as well as 
literary or intellectnal. The religious institutions and estahlishments may he the 
bond of society and the fountain of truth and peace, or the source of heart-hurning 
and discord. Immediately connected with these will be the institutions of a 
benevolent order. They address themselves to the relie f of physical suffering, whether 
in the form of disease or indigence, as those of religion and education do to the 
moral and mental wants of the community. T^ hospitals, the manner in which 
they are supported, the number of patients, the relative and absolute prevalence and 
extent of the various diseases, may easily he observed or obtained. These form 
the principal heads of this branch, while to the sufferings of poverty there are 
generally also modes of alleviation which should he recorded in connection with the 
social state of the people. 

It would he impossible briefly to describe the numberless subjects of inquiry which 
come within the range of statistic research, nor can it be supposed that every one 
Will be able or be disposed, even if time and opportunity permitted, to enter upon all 
of tbem. But there are few Ofiicers who will not find interest in one or more. 
Having chosen his subject, he would find no difficulty in procuring examples and 
instructions, and in the Editors of the ‘ Corps Papers ' is certain to have brother 
Officers able and willing to counsel or direct him, and present the results of his 
labours in an uniform and digested state. 

The social and industrial condition may, however, he considered the branches 
of the subject which most naturally devolve on the statistical inquirer, being the 
most readily expressed in numbers, though few will be found to dissent from the 
meu-e general application of the term which has been given in the commencement 
of this article, more especially in reference to the pursuits and means of information 
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of tie class of Officers for wlom tlese volumes are compiled. Eegarding, for 
example, tie ultimate collection of colonial memoirs as an olject worthy of the 
* Professional Papers,’ or similar military works, Officers who feel difficulty in 
entering upon all the branches of so comprehensive a subject, and yet find every 
branch dependent upon the others, and all to some extent resting upon the first 
points, above adverted to, viz. the natural condition, as divided into geography 
and natural history, and influenced by the objects and destination of the colony, 
may leave these heads, which are elsewhere treated of, and enter upon the more 
numerical subjects, perhaps in somewhat the following order. 

1. PapulatioTij — of which an authentic census is generally taken periodically ; but 
this will be very imperfect if merely confined, as nsed formerly to be the case, to 
enumeration only. As much as a disciplined army of small numbers is superior to a 
rabble of fifty times its amount, so is a well-ordered community to one in the reverse 
condition ; and as a general rule, to which of course there are exceptions, we may 
usually, when we hear of a country being over-peopled, assume that it is in I'eality 
only ill-organised or mismanaged. If such were not the case, the density of popula- 
tion would be the best possible measure of the security, wealth, and industry of a 
country; and, however dense the population, the country would not be over-peopled. 
The degree in which it is so is, therefore, a measure of its weakness ; but we must 
take a sufficiently large view of the word country^ and not limit it to a mere district. 
We must also look to the circumstances and condition of the people, not merely to 
their numbers. The clue to these circumstances may generally be found in a skil- 
fully conducted census, or in carefully sifting and digesting it afterwards. 

A few leading proportions may easily be borne in mind, and they are convenient as 
comparative tests. The number of male and female births are usually as 106 to 100. 
In the first month one-tenth will die. At 5 years of age, more than sfe third are 
gone ; at 10 years of age; more than half. The male deaths will preponderate in 
early life, so that at the age of from 14 to 15 or 16 the numbers of the sexes will 
have become equal. This is also the age above and below which the gross num- 
bers will be nearly equal to each other, in a population increasing in an arithmetical 
progression of 1’3 annually. The soundest condition of a population is that in 
which the greater number are maintained in the working age, while a population 
which has a large proportion of its numbers at ages either so young or so old as to 
require maintenance or support, instead of contributing to it, is obviously a source of 
weakness to the state. 

It is therefore necessary, in any enumeration of a people, to divide them into ages, 
distinguishing the single years up to 5, then passing to 10, and continuing in tens 
upwards. The number of persons divided by the number of families gives generally 
about 5 to a family, — and that number ought also to be the number to a house. But 
the -wQidB family and house require definition : the former should be understood to 
mean one or more persons living on their own means of support, and may, in a large 
average, include servants. The latter is, strictly speaking, the accommodation occu- 
pied by that party — not one set of walls and roof. House accommodation” is there- 
fore a better designation than House ; and the important matter to investigate in this 
respect is the extent of such accommodation which every family enjoys divided into 
as many classes as may be found convenient or suitable to the country and climate. 
Houses may be classified according to the number of windows, as indicating the num- 
ber of rooms {i. e. magnitude), the quality of the walls and roof, with any other cir- 
cumstances which measure size and quality in a particular country. The house may 
then be placed in a first, second, or third class, in regard to each of these conditions, 
and ultimately in its general class as resulting from the component classes. 
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HaYing ihm classed tlie houses, it is necessary to know the number of families 
liYing in each, and to resolve what accommodation each family enjoys, compared to 
the accommodation of single houses of smaller dimension. Five or six families, for 
example, in a first-class house would be as ill-accommodated as if all were in third or 
fourth class houses, and so on. 

It is also of importance to observe the occupations of the people. It has been 
usual to make two great classes — agricultural and manufacturing. This broad dis^ 
tinction has been adopted in our own country, and has its utility as marking tbe 
transition of a community from the one to the other state with advancing knowledge 
and wealth. But it is obvious that after a time the distinction is more apparent than 
reaV and is not based on any philosopbical view, as agriculture is itself a manufacturing 
process. A sounder distinction is into primary and secondary manufacture, according 
as we deal with a first production of raw material, or the advances of the material by 
a second or third process. In a colonial population this would become more appa- 
rent, and the occupations of the community would in many cases be neither the one 
nor the other, in their strict sense, but combining both ; as it would be difficult to 
separate, for example, the boiling of sugar on a sugar establishment from the growth 
of the cane, which is clearly agricultural, on the one hand ; oi^ on the other, from 
the ultimate refining, which is afterwards carried on in England, and is as clearly 
manufacturing. These great divisions at home have grown out of the destination of 
the country to supply subsistence, food, and clothing to the inhabitants in return for 
their labour. The destination and object of a colony will furnish, in like manner, a 
guide to the best classification for the occupation of its inhabitants. 

2. From the population we may pass to the constitution of the laws which govern 
it and afford protection and security. These in regard to a colony are of two kinds : 
First, fromliexternal aggression by the garrison and means of defence supplied wholly 
or in part from the mother country ; but frequently aided by the colony at least in 
expense. The strength of the garrison during war and durmg peace, and the nava 
force, if any, form the chief subjects ; and a succinct account of any occasion on 
which their sufficiency has been tested. Second, from internal confusion either by 
military rule, or by tbe local government of a legislative or executive assembly, and 
by the administration of law— -whether Britisb, native, or foreign. The statistics of 
crime here naturally occur, which it is usual to divide into two heads, as committed 
against person or against property. Eeturns of these may generally be collected or 
procured, and they should always be connected with the age at which committed, 
and the extent of education of the criminal, with circumstances of season and 
climate. It is known that the tendency to crime is greatest at about twenty-five 
years of age, and it has been supposed tbat as education extends, the crimes against 
property predominate over those against the person. But if education be confined to 
the lower elements of its merely intellectual branch, it is probable all classes of crime 
will rather increase than diminish.* We only furnish the criminal with better weapons 
and better means. The crimes against property will be greatest where the greatest 
irregularity of property prevails. Glim ate and seasons also infiuence the extent and 
class of crime materially. So far as European inquiry has extended, crimes of violence 
are most abundant in the south, and those against property in the north. The 
seasons are somewhat similar in their effects. Age and sex also influence crime. 
The greater strength of the male leads to violence, the reverse leads females to 
pmsoning or fraud. Age is of all causes the most influential. Crime increases with 
age tiirthe strength of the body is complete, but does not decay as rapidly, though its 


* The evil infltxsuee ctf education, without Christianity, was painfully and fearfully shown 
by the Nana of Bithoor and otheis in the late Indian Mutiny. — En. 
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direction changes from violence to fraud. But Man is influenced by the moral 
physical circumstances in which he is placed as much as by his organisation, and the 
former are largely within our own control. Grime is a measure of the care and 
development they have received and are receiving. 

3. Education. 3. Education, in its three divisions, religious, intellectual, and industrial, is a 

subject to which all enlightened minds devote themselves with eagerness, and the 
extent to which it prevails, or the facility of obtaining it, in any community, is 
always to be sought for. Numbers maybe easily given in tabular forms, and the 
funds by which schools are supported; hut the class of instruction is yet more 
important. The books which are read, and the class of persons by whom the 
instruction is afforded, with the manner of affording it, are more important : nor 
should education be considered as ceasing with childhood ; to be effectual, it must 
continue to the very close of life, varying only in its nature and object. Public and 
private libraries, scientific and literary institutions, come all within the category of 
education, and more than all the religious and moral instruction not only of children 
but of the adult community. In regard to children, the number between the ages of 
5 and 15 is usually about a quarter of the whole community, and at least half that 
number ought to be at school at any given time at which an enumeration is made. 
That proportion would still he small, but it would afford hopes that during the whole 
10 years every child may have passed half its time at school. 

4. Institutions. 4. Benevolent institutions also challenge our attention: they address themselves 

to the relief of inevitable suffeiing, whether from sickness or poverty. The most 
palpable are hospitals, houses of refuge, or similar institutions, but benevolence 
exerts itself in a thousand forms, not less valuable because unobtrusive; and the 
extent to which it prevails in any community, the proportion in which it is fostered 
or supported by the Government, by endowment, or by private means, may generally 
be ascertained : the amount of funds devoted to these purposes, whether by endow- 
ment, by the aid of Government, or by private contributions; these and the number 
of persons relieved should form the subject of inquiry in each case. Medical 
statistics will enter into this category, and an Officer will he well employed in 
his leisure hours if he co-operate with any Medical Officer who is pursuing this 
subject. The provision for the poor and helpless comes of course into this category, 
and there is scarcely any country in which this is wholly disregarded, even when 
not made a public measure or under state control. The Officer who engages in this 
inquiry, will find his own benevolence awakened, and will be morally benefited by his 
exertions on the part of others. 

0. Condition. S* The industrial condition of a country, district, or colony, will of course depend, 
in the first instance, on its natural— modified, assisted, or retarded, by its social-— 
condition. It may be indicated externally by its commerce with the mother country, 
or neighbouring countries, and internally by the material prosperity of its inhabitants. 
Of the former, the imports and exports, and places to and from which they are con- 
veyed, — of the latter, wages and prices, are the truest indioations. Bocal weights and 
measures, and their difference from the standards of Great Britain, as well as the 
monetary arrangements and local currency, are also to be noticed. In regard to 
land, the tenure, the manner in which rent is paid, whether in proportion to the 
produce, as one-third, one-fifth, or more or less, or by a fixed sum of money ; and 
whether hereditary, quasi-hereditary, or continuous tenure, or mere tenure at will, he 
most prevalent ; — the division of the land, the mode and class of cultivation, and the 
relative productions of different crops, and the manures used or required; — the imple- 
ments of husbandry, the breeds of cattle, the introduction of peculiar grains or roots, 
and the country from which they were first brought ; — the size of farms, and class 
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and amotmt of produce grown on each class. In regard to commerce, its natee and 
ohjeet ; hy what steps or parties carried on ; how far heneficial to the producers of 
the commodity, the intermediate trader, the colony, or the mother country, —always 
remembering that wealth, whether in an individual or a country, is the possession of 
that which others want, and security for that possession or its exchange. 

6. In the individual, moral rectitude and honesty, ability, industry, intellectual 
Moral condition and physical strength, are the sources of wealth, —in the community, the advantages 
and climate. of nature in climate, ^oil, and geographical position, with the aid of social institutions 
affording full development of those resources. 

It has not been sought to encumber this brief abstract with printed forms of 
queries or Tables, which rather encumber than assist. The means by which alone 
inquiries can be successfully conducted by single individuals, are redection and study 
on the part of the individuals who conduct them ; and mechanical substitutes, how- 
ever useful when applied to a limited space or particular object, and circulated 
for that purpose, are, when applied generally, in danger of attaining only a dull 
uniformity at the cost of diminishing original thought. Few men who think 
long and clearly on any subject, will be at a loss for the most appropriate vehicle 
or form in which to embody the results of these labours.— T. A. L. 


STEAM ENGINE.^ 

SECTION I.— MECHANICAL AOTIOH PEOnUCEB BY SfEAM. 

1. The Instrument by which steam accomplishes this is almost invariably a piston, 
moveable in a cylinder. 

A cylinder is a tube or pipe, but much larger in its diameter, in proportion to its 
length, than tubes or pipes usually are. Thus a common proportion for a cylinder is 
three feet in diameter, inside measure, and four feet or four and a half feet in length ; 
bub this proportion is very variable according to circumstances. 

2. The piston is in effect a solid plug, fitting the interior of the cylinder with 
sufficient precision to prevent steam from passing from the one side to the other, but 
with sufficient freedom of motion to enable it to move along the cylinder without any 
considerable loss of force to keep it in motion. 

S. The ends of the cylinder are understood to be closely stopped by lids. One of 
these lids is sometimes cast with the cylinder, and forms, in fact, part of it ; the 
other is attached to it by screws and nuts, and fitted so exactly that steam cannot 
escape at the joints. 

4. Small apertures are provided at each end of the cylinder, furnished with 
stoppers or valves, by which steam may he admitted or allowed to escape at pleasure. 

fi. Now it will be easily understood, that if a Hast of steam he admitted at one end 
of the cylinder, it will blow the piston to the other end ; if a blast of steam be 
admitted at the other end, that which had previously been admitted being allowed to 
escape, the piston will be blown back again. 

If we have the means, then, of taking in a blast of steam alternately at the one end 
and at the other end of the cylinder, the piston will be blown constantly backwards 
and forwards from end to end. 

The force with which this will be effected will depend on the force of the steam. 

6* This alternate motion of the piston from end to end of the cylinder, made with 

* By the late Pr. Ijardner. Kevised and corrected by B. Woods, Esq., C.E, 
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a certain degree' of force, could accompHsli noiHng nsefttl if it were confined 'vritHn 
the cylinder; it must be communicated to something outside •which is required to be 
set in motion. 

7. This is accomplished by an appendage to one side of the piston, called the 
piston-rod^ This is a round rod, firmly fixed into the centre of the piston, and passing 
through a hole made in the centre of the cover or lid of the cylinder, which I have 
already described, to be attached by screws and nuts. It must move in this hole as 
the piston does in the cylinder, so tightly as not to let any steam escape, and yet so 
freely as not to require any considerable power to urge it. 

8. It will be easily understood, tbat to attain this object very great precision 
of form is necessary in the internal surface of the cylinder and in the piston-rod. 
The cylinder is made of cast iron, but the inner surface of it, after being cast, is 
I'educed to a. precise cylindrical form by a boring machine. This machine scrapes oflf 
all roughness, and reduces every part of the inner surface to an exact chcular form, 
of precisely the same diameter throughout tho entire length of the cylinder. 

9. The piston, which is flat on either surface and circular at its edge, to correspond 
with the cylinder, is made to fit the cylinder in steam-tight contact, and at the same 
time to move freely in it by a vjiriety of contrivances which will be, noticed hereafter. 
For the present it will be sufficient to assume that mechanical art, in its present state, 
enables us to construct pistons and cylinders with so. great a degree of precision that 
no steam whatever shall pass between them, and yet that the motion shall be almost 
perfectly free. 

10. Ihe piston-rod, also of iron, is turned in a, lathe so as to be truly round, and 
uniformly of the same diameter throughout its length. The hole through which it 
plays in the top of the cylinder is surrounded by elastic packing, which presses 
against the sides of the piston-rod •. and in this way, whilst the motion is free, no 
steam escapes. 

11. The piston-rod thus partakes of the alternate motion which the piston itself 
receives, and conveys this motion to any object outside with which it may be 
connected. 

12. Thus the primary motion produced by steam power is an alternate motion 
backwards and forwards in a straight line ; hut by an infinite variety of well-known 
mechanical contrivances, this alternate motion may be made to produce any other 
kind of motion that may be desired ; thus we may make it keep a wheel in constant 
rotation, or move a weight continually in the same straight line and in the same 
direction. 

13. These points will be hereafter explained; for the present we establish the 
fact that steam can by the means indicated produce an alternate force backwards 
and forwards along a cylinder with a degree of energy proportionate to the force of the 
steam, and with a degree of speed proportionate to the rate at which the steam can 
be supplied. 

SBCrrON II.— THK PROPEETIIS OF STEAM. 

1. I have spoken of the piston in the cylinder being driven from one end to 
the other by a blast of steam. This will at once suggest the resemblance of steam to 
air* Steam possesses, in fact, a set of properties precisely the same as air ; if air were 
heated to the same temperature as steam, it would, to all intents and purposes, 
possess the same mechanical properties : and if it were as manageable in other 
respects as steam is, w'^e should have no occasion to resort to steam engines, hat 
should have nothing but air engines. Air could blow the piston from end to end of 
the cylinder as well and in exactly the same manner as steam does. It will therefore 
VOL. nr. 
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greatly facilitate tte compreheesion of the_ qualities of steam to attend, in the first 

instance, to the corresponding qualities of air. 

2. Air is an elastic fiuW,— SO is steam. 

The meaning of an elastic fluid is one which may he squeezed or compressed into 
aiesshnlk ; or, on the other hand, which will expand itself into a greater bulk spon. 

taneously ifroom be given to it. ■ , \ 

3 All fluids, however, do not enjoy this property ; water does not partake of it at 
all • it cannot be squeesed by any practical force into less dimensions than it naturally 
occiipies, and whatever room yon may give to it, it will not expand into greater 
volume. If air be enclosed in any vessel, it will spontaneously press on every part of 
the inner surface of such vessel with a certain force, tending, as it were, to hurst the 
vessel This is what is called its rfastiaVy. If it he squeezed into a vessel of half 
the size, it will press on the inner surface of this vessel with just double the force ; 
and if, on the other hand, it be allowed a vessel of twice the size, it wiU spontaneously 
expand and fill every part of such vessel, hut wUl press on it with a diminished force, 
amounting to OBe-haif its original presstire. 

4. In shortj you may by compression reduce its bullc m any recjiiirecl proportion, 
and its bursting or elastic force will be augmented in exactly tbe same proportion ; 
and you may, on, tbe other band, permit it to expand to any augmented volume, and 
its pressure will be diniinisbed in precisely tbe proportion in wbicb its volume will be 
increased. 

5. All these are equally qualities of steam. 

Air is an invisible fluid, —-so is steam. It is a great mistake to imagine that the 
cloudy vapour that is seen issuing like white smoke from steam vessels or boilers is 
steam j the moment it becomes thus white and cloudy it ceases to be pure steam. 

These misty particles are particles or vesicles of water, and not pure steam. If a 
glass vessel were filled with pure steam, it would be as iuvisible as when filled 
with air, 

6. Steam is a species of air made from watei*. 

Air may exist iu diflerent states of density, so may steam. In either case tbe 
pressure or elasticity (other circumstances being the same) is in proportion to the 
density. ' ■ ■ 

7. But as air is everywhere accessible and disposable, it may be asked why w© 
may not use it for those mechanical purposes for wMcb steam lias proved so omni- 
potent, especially seeing that the production of one is attended with great cost and 
trouble, while the other exists in unbounded quantity, and can be had everywhere 
and for nothing. To answer this wo must consider those qualities in which steam 
differs from air. 

SECTION III. — HOW WATER IS CON VERTED INTO STEAM, AND HOW STEAM IS 
RECONVERTED INTO WATER. 

1. If any source of heat he applied to water, the first and obvious efiect will be to 
render the water hotter. 

2, But to this there will speedily he a limit. It will be found that when water 
under any given constant pressure has attained a certain temperature, no further 
application of heat will augment its temperature, but it will then begin to diminish 
in quantity, and, as it were, to disappear ; and if the application of heat he continued, 
the water will at length altogether vanish. It has in this case been gradually con- 
verted into steam, which has ascended into the surrounding atmosphere and mingled 
with it. . 


3. But thi^ escape pf the steam may he prevented. Let a second vessel be pro- 
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videci and put in connection with that in which the water is heated, and let the 
communication with the external air he cut 00 . 

4. The steam produced from the water may he collected in this vessel, and when 
so collected, and submitted to examination, it will he found, as I have stated, to 
possess all the mechanical properties of air. 

It thus appears that the liquid water is converted into the elastic fluid steam hy 
a certain quantity of heat having been imparted to it. 

5 . One of the most remarkable changes which the water undergoes when it passes 
into the form of steam is its change of bulk, which is quite enormous. 

6. It is found that a quart of water evaporated under ordinary circumstances will 
produce about 1 > 00 quarts of steam ; but this proportion varies with circumstances, 
as we shall now see. 

7. Let us suppose that a piston is inserted in a tube, and that under the piston 
a small quantity of water is placed. For simplicity, let us suppose that quantity 
of water to be a cubic inch. Let the piston be arranged to press upon the water 
with a force of 15 lbs., the magnitude of the surface of the piston in contact with 
the water being a square inch j and let us in this case put out of consideration any 
effect of the pressure of the external atmosphere, this pressure being represented 
by the 1 5 lbs. imputed to the ihston. Let a lamp be supposed to be applied under 
the tube, so as to beat the water within. The effect of the lamp for some time will 
be merely that of elevating the temperature of the water, but when the temperature 
shall have attained to 212° of Fahrenheit’s thermometer, then the piston will be 
observed to begin to ascend in the cylinder, leaving an apparently unoccupied space 
between it and the water. The quantity of water will at the same time apparently 
diminish. The lamp continuing to act, the piston will continue slowly to ascend, 
and the water slowly to diminish, until at length all the wmter shall have dis- 


8. The piston will then be found to have ascended to such a height that the space 
below it in the cylinder will be 1700 times greater than that which the water 
originally occupied. This space, which, if seen, as it might be, through glass, would 
appear empty, would in fact be filled with the steam produced from the w'ater, 
which, like air, would be invisible. 

9. In this case we have supposed the steam to be produced under a pressure of 
15 lbs. on the square inch. Let us now, however, suppose things restored to their 
original state, and the piston to be loaded with 30 lbs., or with 15 lbs. in addition to 
the atmospheric pressure, which makes a total of 30 lbs. If the same process as 
before be repeated, it will now be found that before the piston begins to ascend, the 
temperature of the water will rise, not to 212® as before, but to 252° ; the piston 
will then begin, as before, to ascend, and will oontinne to ascend until all the water 
shall have disappeared. It will not, however, rise now so as to leave 1700 times 
the original bulk of the water below it, bnt only the half of that amount, leaving 
a space for the steam, thus produced, about 850 times greater than the bulk of the 

, water.. ■ ' ' ■ ■ 

In short, the piston may be loaded with any pressure greater or less than that 
which we have supposed. If loaded with a less pressure, the water will expand into 
steam of greater volume ; and if loaded with a greater pressure, it will expand into 
steam of less volume. The temperature also at which the water will begin to be 
converted into steam will vary, being higher for greater pressure and lower for less 
pressure. 

10. When the pressure is doubled, the steam produced will not be of precisely 
double the density, but will not vary much from that proportion. The reason of the 
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wiation-small as it is-is, tliat ’ifhen tlie pressure is doubled, fte temperature of 
the steam is augmented, and an increase of Tolume due to such increase of tempera- 
ture causes the density of the steam urhieh results to be a little less than double the 
original density. This Tariation, hourever, is not considerable, and we may assume, 

•as I simple approximate rule, that the density of steam is in the direct proportion of 

its pressTira. , , . , 

11. As it is of great advantago to retain in tbe memory tlie extent to 
volume of water is expanded when it is converted into steam, the following aoeidental 
proportion will he found useful : a enhio foot contains 1728 oubie inches. Now we 
shall be sufficiently near the truth, for all practical purposes, if we state that a cnbio 
inch of water evaporated under a pressure of 15 fts. per square inch will produce a 
cubic foot of steam. This statement is at once so simple and so striking, that it 

cannot be forgotten. ^ ^ , 

12. Knowing the volume of steam produced by a given quantity of water under 
this pressure, tbe volumes wMcb will be produced under other pressures, greater or 
less, may be inferred with sufficient practical accuracy by tbe proportion already 
given. Under double tbe pressure, the volume would be one-balf ; and under half 
tbe pressure, tbe volume would be double. Tims, if water be boiled under a pressure 
of 30 !bs, per square inch, a cubic incb of water will produce half a cubic foot of 
steam ; if it be boiled under 45 ifes. per square incb, it will produce one^tbird of a 
cubic foot of steam ; and in like manner, if it be boiled under 74 lbs. per square incb, 
it wiU produce two cubic feet of steam ; and under 5 ffis. per square incb, three cubic 
feet of steam, and BO on. 

13. This proportion would be strictly accurate but for tbe fact that the temperatures 
at which the water boils in these cases are different; but the difference due to this 
need not be now attended to. 

14. It may also be observed, that in general, when tbe water boiled is exposed to 
the atmosphere, the atmosphere itself produces an average pressure of 15 lbs. per 

square inch, which is understood to be included in the above pressures. 

15. Having thus described tbe manner in which water is converted into steam, let 
us now see bow steam is converted into water. 

Tbe steam wbicb is produced from the water in tbe manner we have described bas 
the same temperature as the water from whence it proceeds. This temperature is 
indispensable to it. The moment you deprive it of any heat, that moment a portion 
of it returns to the state of water, and by the continued abstraction of beat frem it, 
it will all return to tbe liquid state. 

16. Let us suppose, in the tube wbicb we have already used for our illostration, 
that after tbe piston bas ascended, and the water bas been all converted into steam, 
tbe tube be surrounded by any cold medium, such as a cold atmospbere, tbe lamp 
being in tbe meanwhile withdrawn ; immediately a dew will be formed on the inner 
surface of tbe tube, and tbe piston will begin to descend. Tbe dew thus formed is 
tbe water reproduced from tbe steam, wbicb has been restored to its liquid state, in 
small particles : these are swept down before tbe piston, and at length, when the 
piston shall have arrived at its original position, all tbe water will have re-appeared 
at the bottom of tbe tube. 

The steam will, in fact, have been reconverted into water. 

I 17. Thus, as beat is tbe agent by wbicb water is converted into steam, tbe abstrac- 

i tien of -beat is tbe means by wbicb steam is reconverted into water. 

I This is one of the most important qualities in which steam differs from air. No 

\ known de^^ee* ’of eold is .capable of converting air into a liquid, although analogy 

I justifies the iafarffliBe that some degree of cold, though unattainable by any means yet 
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Inown, woitld effect tHs. TKex'e are some airs, in fact, on wMcE art Eas produced 
this effect, but it has never been accomplished on tiie atmosphere. 

18. It is precisely this quality, giving us the power of I'econverting steam into 
water at pleasure, which enables us to use steam so extensively for mechanical 
purposes, and deprives air of the same mechanieal utility. % * 

SECIIOir IT.'~--THE MECHANICAL EFEECT PRODtrCElr BY THE CONVERSION OF 
WATER INTO STEAM. 

1. The most com'lnon and general method of estimating the meehanieal effect ot 
any agent is by stating what weight it would raise a certain height, or to what height 
it would elevate a given weight. Thus, if we are told that such or such a mechanical 
agent is capable of raising ten tons a foot high, we have a distinct notion of its 
efficiency as a moving power. In this view of mechanical effect, it will be seen that 
we omit the consideration of time altogether ; whether it be produced in a minute or 
in an hour, the mechanical effect accomplished is the same. We shall consider it in 
reference to !5i?}%e hereafter. 

Now the questions I propose to examine are these :■ 

2. What amount of niechanical effect is produced when a- given quantity of water, 
as a cubic inch, is converted into steam ? 

3. To what extent, if at all, is such mechanical effect inffuertced by the' pi’essure 
under which the water is evaporated or boiled ? 

4. Let it be remembered, that the water is' supposed to be boiled in a close vessel, 
furnished with a valve loaded with a given pressure, so that the steam produced from, 
the water shall have a pressure equivalent to that of the valve ; in fact, according to 
our supposition, it must lift the valve to escape, and consequently its force must be 
in equilibrio with it. But for our present purpose we shall recur to a mode of 
illustration which will be more easily apprehended. Let us, as before, imagine a 
cubic inch of water placed in the bottom of a tube of indefinite length ; a piston 
being placed in stCch tube, resting on the water, and so fitting the tuB^ as not to 
permit the steam to escape. Let us suppose this piston, in the first instance, to 
press on the water with a force of 15 ifcs., the surface of the piston in contact with 
the water having the magnitude of one square inch. 

5. According to what has been already explained, it will be understood that when 
heat is applied to the water to convert it into steam,- the piston will be forced 
upwards, to give room to the steam thus formed. Now, it has been shown that the 
room which the steam will thus require will be 1700 times more than its original 
volume in the liquid state. If then the section of the tube be a square inch, the 
piston will be raised 1700 inches high, in order to make room for the steam which 
will be produced. Thus a weight of 15 ihs. will be raised 1700 inches, or about 142 
feet. The mechanical effect evolved in the evaporation of a cubic inch of water under 
these circumstances is therefore equivalent to 15 ihs. raised 142 feet high. But 15 Sbs. 
raised 142 feet high is equivalent to 142 times 15 lbs. raised one foot high, or to 
2130 fi>s. raised a foot high. Now this weight is very nearly a ton, and as we are 
not here concerned with minute fractional accuracy, the following remarkable fact will 
follow, and may easily be retained in the memory. 

6. A cuMc incJi of wate.r comerted into $team under these circumtances wiU 
duce a mechanical force sufficient to mise a ton weight a foot higK 

7. But it may be objected here, that we have supposed the water evaporated under 
a particular pressure, and therefore at a particular temperature : may it not happen, 
therefore, that if evaporated under a different pressure and at a different temperatoe, 
a different mechanical effect will ensue ? 
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I ITo asceitain tMs, let tis suppose tiie piston to be loaded with 30 tbs. instead of 

■/i 15 AVe have already seen that in such case it would he raised to only half the 

is Iieight, for the steam produced would have double the density. Now 30 tbs. raised 

K; 71 feet is exactly equal to 15 lbs. raised 142 feet, and the same conseqeiences would 

■jti follow at any other supi30sahle pressure. 

II 

section T. - toe mechanical effect PEODUCED by THE' CGNYEESION 'OF STEAM 

■ ■ ■ ■ ■ ■ ' . INTO,' WATEE.:' 

ij; 1 . "We have seen that a cubic inch of water mahes a cubic foot of steam at the 

common pressure. If, then, a close vessel be filled with steam at this pressure, and 
iKif’ be SO exposed to cold that the steam it contains shall he converted into water, it will 

only occupy a cubic inch for every cubic foot of steam which the vessel previously 

II contained. In fact, the vessel which was previously filled with steam will now have 

’';f, only a small quantity of water in it, the remainder of the space being a vacuum. 

2 . It is this property by which steam hecomes instrumental in doing, by the mere 

i':' agency of temperature, what is done by the expenditure of so much labour in air- 

pumps and common water-pumps, 

3, By whatever agency a vacuum can he produced, by the same agency a given 

III ^ mechanical effect will Ibllow ; for if a piston be placed in the tube in which the 

Jv-'l vacuum is created beneath it, the pressure of the atmosphere will drive the piston 

down with a force of 16 lbs. for every square inch in the section of the piston. In 
air-pumps and common water-pumps, where the vacuum is created by pumping out 
the air, the amount of mechanical force expended in producing the vacuum is 
equivalent to the amount of mechanical force which the vacuum itself produces when 
made ; hut when a vacuum is made hy converting steam into water, no mechaniealforce 
is expended in producing the effect ; and consequently steam thus produces a mechanical 
force in its reconversion into water, as well as in its production from water. 

SECTION VI.— HOW MUCH HEAT IS NEOESSAEY TO CONVEBT WATEE INTO STEAM. 

1. Eecurring again to the same mode of illustration, let us suppose the tube and 

piston as before, a cubic inch of water being below the piston ; and let us imagine a 
lamp burning in a perfectly uniform manner under the tube, so that it shall impart 
heat to the water at an uniform rate, Let us suppose, at the commencement of the 
process, the water to be at the temperature of melting ice, but without having any 
ice in it. time be then observed which shall elapse from the first moment of 

the application of the lamp to the moment at which the water begins to be converted 
into steam, and let us suppose tliis interval to be an hour. The application of the 
lamp being continued, as before, let the process of evaporation go on until all the 
water shall have been converted into steam. It will then be found that the time 
necessary to complete the evaporation will be 6 1- hours, 

2. From this then it follows, since we suppose tie action of the lamp to have been 
uniform, that to convert a given quantity of water into steam requires 6 J times as 
much heat as would he necessary to raise the same water from the freezing to the 
boiling point. 

3. This is a fact of such capital practical importance that it ought to be engraven 
on the memory. 

It follows from it, that if a given weight of fuel is consumed in raising a quantity 
of water from the freezing to the boiling point, S-J times such weight of fuel will 
be consumed in converting the same water into steam. 


4. There is another point of view in which it is both interesting and important to 
regard this fact. 
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If a tliermometer Tbe immersed in fhe steam wMcli shall have been produced from 
the water, it will show that the steam has the same tempei'atnre as the winter : thus, 
if the water were boiled hinder the usual pressure of 15 lbs. per square inch, its tem- 
perature would he 212“ ; the same would be the temperature of the steam into which 
it would be converted. 

5. But it will be naturally ashed in this case,^ what has become of the enormous 
quantity of heat which has been supplied by the lamp? If in an hour, while the 
lamp was raising the water from 32“ to 212“, it imparted to such water a quantity of 
heat sufficient to raise it 180° higher in its temperature, it must have imparted an 
equal quautity of heat in each succeeding hour, and in 5-^ hours it would of course 
have imparted as much heat as would have added S J times 180°, or 990“, to 212“, 
the temperature of the water, supposing the latter not to have been converted into 
steam : the water would thus, had it not being converted into steam, have been raised 
to the temperature^f 1202“, or about 400° hotter than red-hot iron* But in the 
present case, in which the water passes from the liquid to the aeriform state, no 
augmentation of temperature has taken place at all ; the steam which has received, 
and which actually contains all this enormous amount of heat, being no hotter than 
the water which contained nothing of it. Where is the heat then ? And why is it 
not felt or indicated by the thermometer ? 

6. The answer to the first question is easy. It can he practically proved, as we 
shall presently show, that the heat is in the steam. But the second question reaches 
one of the final points of science, and cannot be answered. The heat which is in the 
steam, and yet neither sensible to the touch nor indicated by a tbermometer, is said 
to be tocwi. 

7. But we must not be deceived by the use of this word ; it is merely a name given 
to the fact that the heat is not sensible, but it discloses to us no reason for that fiict. 

8. It is assumed that the. heat has been employed in converting the water from the 
liquid to the aeriform state, and being employed in maintaining the water in such 
state, is not sensible to the thermometer. This, however, is after all hut another mode 
of stating the fact, and is no explanation of it. 

9. T observed that tbe 990“ of heat is in the steam, though not sensible to the 
thermometer. We might perhaps be justified in considering this as proved, inasmuch 
as the lamp must he supposed to impart heat uniformly during its action, hut we can 
give a very decisive practical demonstration of it. 

10. Let a cubic foot of steam of the temperature of 212“, which has been pro- 
duced from a cubic inch of water, be supposed to be contained in a close vessel. 
Let 5-| cubic inches of water at the temperature of 32“ be injected into this vessel 
This cold water, mixing with the steam, will reduce the steam to water, or, to use a 
technical term, will co?w:2e«se it, and we shall find in the vessel 6 1 cubic inches of 
water namely, the 5| cubic inches which were injected, and the cubic inch which 
was contained in the vessel in the form of steam, occupying a cubic foot, but which 
has now become water, and occupies only a cubic inch. These 6 4 cubic inches of 
water will have the temperature of 212° j that is to say, the same temperature as 
that of the steam which was condensed. 

Now it is evident that in I’eturning to the state of water, the steam has given out 
as much heat as has been sufficient to raise the 54 cubic inches of water which w^’ere 
injected into the vessel from 32° to 212“ ; and yet the cubic inch of water into 
which such steam has been converted has itself the temperature of 212“, being the 
same as that which it had when in tlie fm-m of steam. It is clear then that the 990“ of 
heat which were in the steam are now in the 54: cubic inches of water which were 
injected, and have raised this, as must necessarily have been the case, from 32“ to 212“ 
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11, It is therefore demonstrated that steam has in it as much heat insensible to the 
thermometer and to the touch as would be sufScient to raise 5 -I times its own weight 
of water from the freezing to the boiling point. 

12. This result has an important relation to the economy of steam power. The 
heat supplied hy any fuel of uniform quality, and used in an uniform manner, will be 
proportionate to the quantity of such fuel consumed. It follows, therefore, that it 
requii'es 6| times as much fuel to convert w'ater into steam, supposing the process to 
commence with the water at 82°, as would he sufficient to boil the same quantity of 
water. If the process be supposed to commence at the more ordinary temperature of 
60®, then a still greater proportion of fuel will be necessary for vaporisation, 

18. I have supposed throughout this exposition that the wmter has been evaporated 
under the common pressure of 15 lbs. per square inch, and at the temperature of 212®; 
but it may be asked, "what would be the result if the process w'ere conducted under a 
different pressure and at a different temperature ? Might it ’not happen that the 
vaporisation would be effected with a greater economy of heat, which w^ould be an 
important fact in tbe application of steam power ? 

14. Such, however, is not the case. It is found that no matter what the pressure 
may be under which the process is conducted, the same lamp, or other uniform 
source of heat, acting on the same water, w'ill take exactly the same time to convert 
it into steam. It is true that the quantity of what is called luient heat, or heat 
of conversion will be different, and will be diminished as the pressure is increased. 
Thus each degree which is added to the temperature at which the water boils by 
increase of pressure will be subtracted from the latent heat of the steam. The man- 
ner in which this remarkable fact is usually expressed is, that the sum of the latent 
and sensible heats of steam is always the same, namely, about 1200®. 

15. Thus if water be evaporated under such a pressure that its boiling point shall 
be 400®, then the latent heat of the steam produced from it will be 800° ; if it be 
evaporated at 30u°, the latent heat will be 900®, and so on. 

16. This is curious ; but the important fact is, that the consumption of fuel in 
the conversion of water into steam is the same, whatever be the pressure of steam 
produced. 


SEOTIOir vll. — THE MECHANICAL EOIlCE OP STEAM BY ITS EXPANSION. 

1 . We have seen how a piston is urged ftom one end to another of a cylinder with 
a definite force by allowing steam to flow in upon it, and that increased efficacy is 
given to this by creating a vacuum on the side towards which the piston moves. The 
steam in this case is supposed to flow from the boiler, and to press the piston for- 
ward with a certain uniform force. The piston advances because a fresh portion of 
steam w’hich enters the cylinder requires more room, to give it which the motion of 
the piston is necessary. 

When as much steam has entered in this manner as is sufficient to fill the cylinder, 
then the piston will be driven to the extreme end of it, Now, it is well to observe 
that in the production of this effect no quality proper to steam, or which distinguisbes 
steam from any other fluid, is concerned. 

If a liquid (water, for example) were made to flow into the cylinder with the same 
pressure and in the same quantity, it would produce precisely the same effect ; in fact, 
the stea^ acts thus not because it is an elastic fluid, but because it is a fluid, and is 
urged from the boiler with a certain force. 

2. I now cume.to notice, however, a mode of action in which steam performs what 
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an inelastic finid could not perform ; 6ne, in sliort, in -wMcli it produces a lueclianical 
effect in virtue of tliat propertywliich steatn enjoys in common witk air and other 
gaseous fluids, and in wliich inelastic fluids, such as water, do not particii^ate. 

3. Eet us suppose that the steam flowing into the cylinder acts hpon the piston 
with a certain definite force, as one ton, and continues so to act as long as it enters 
the cylinder. 

4. hTow let us imagine that when the piston has been thus pushe'd to the middle of 
the cylinder, the aperture at which the steam enters is suddenly closed, so as to 
prevent any fresh supply. The piston will then he no longer , pushed forward by any 
increased quantity of steam coming from the boiler. It will nevertheless he pressed 
by the elastic force of the steam, juSt as it would he by the elastic force of air under 
the same circumstances ; it will still he pressed on by a force of one ton, supposing 
that no adequate resistance obstructs its motion. It will not therefore cdme to rest, 
but will continue to advance. As it ■advances, the steam, expanding into a larger 
space, will acquire a proportionally diminishing elastic force, and will pVess on the 
piston with a force less than a ton, in exactly the same proportion as the space occu« 
pied by the steam is gi'eater than half the cylinder. Ultimately, when the piston, 
arrives at the end of the cylinder, the steam, which originally filled half the cylinder, 
will fill the whole cylinder 5 and the pres toe upon the piston, which was originally a 
ton, will then be in round numbers half a ton. 

5. It appears evident, then, that While the piston is thus moved through the latter 
half of the cylinder, it is urged by a continually decreasing force, which begins with a 
ton, and which ends with half a ton. 

6. If we could calculate the average amount of this moving forces wo could at once 
declare the mechanical effect which is produced through the latter half of the cylinder 
in virtue of the expansive power of the steam. 

7. At first view it might appear that the average pressure must be a mean 
between the original pressure of a ton and the final pressure of half a ton, and that 
such mean would therefore be three-quarters of a ton. But such a eonolusion would 
be erroneous. 

8. The method of calculating the exact average of a force decreasing in the manner 
we have described requires principles of the higher mathematics/ By the application 
of these principles it appears that the exact average of the varying pressures, iu the 
case we have described, would be 1545 lbs. 

9. The mechanical effect, therefore, obtained in this way from the expansive action 
of the steam would be equal to 1545 lbs. driven through a space equal to half the 
length of the cylinder. It appears, then, that nearly 75 per cent, has been added to 
the original mechanical efficacy of the steam by this expedient, 

10. It may be ashed whether there be any limit to the application of this principle. 
It is known that other fluids, having the same natural properties as steam, are capable 
of expansion indefinitely, and it might at first be imagined that there is no limit to 
the augmentation of the mechanical force which might thus he obtained from steam ; 
but practical considerations shew that there are not only limits, but comparatively 
narrow ones, to its application. 

11. It will be observed that the piston, which is urged by the force of expansive 
steam, is acted upon by a continually diminishing power of impulsion. When the 
pressure of the steam becomes by expansion less than the load which such piston 
drives through the intervention of machinery, including the natural resistance of the 
machinery itself, then it is clear that the moving power will cease to be efficacious, 
and that the piston must come to rest. 

12. The inertia of the machinery may continue the motion somewhat longer than 
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tlie moment at wMcli m equilibrium takes place between tlie resistance of tbe load 
and tbe pressure on tbe piston, but this effect must soon expire* 

13. The expedient by which the expansive principle may be most eonteniently ex- 
tended is to use, in the commencement, steam of high pressure and great density; 
such steam may allow of considerable expansion before it loses so mnch of its force 
as to be reduced to an equilibrium with the resistance to the piston. 

14. In all cases the expansive principle evidently involves a continual variation in 
the impelling power of the piston. 

Now, it seldom happens that there is any similar variation in the resistance which 
the piston is required to overcome ; and in that case an irregularity of action would 
ensue. In the commencement, the energy of the impelling force being greater than 
the resistance, an accelerated motion would be produced, and towards the end, the 
impelling force becoming less than the resistance, a retarded motion would be the 
effect. A great variety of contrivances have been suggested by mechanical inventors 
to equalise this varying action, — 

15. The most common and the most beautiful of which is the fy- iuhed. This is a 
heavy wheel of metal, well centred, and turning Upon its axle with but little frictionj 
so that the force necessary to keep it in uniform motion is inconsiderable^ The vary- 
ing action of the piston is transmitted to this wheel. When the impulsive force is 
greater than the resistance to the load, the surplus is imparted to the wheel, to which 
it gives a slight increase of Speed. Owing to the great mass of matter in the wheel, 
an increase of speed which is scarcely sensible absorbs an immense amount of moving 
force. When the impulse of the piston by the expansion of the steam becomes less 
than the resistance, then the momentiim of the wheel acts upon the load, and that 
portion of surplus force which was previously imparted to it is given back, and the 
wheel assists, as it were, the diminished pressure and the piston in moving the load 
when the latter becomes enfeebled by the extreme expansion of the Steam. 

16. The fly-wheel is thus, as it were, a magazine of force which gives and takes 
according to the exigencies of the machinery. When the moving force is in excess, 
the fly-wheel absorbs the surplus; when the moving force is deficient, the fly-wheel 
gives back what is absorbed. 

17. Cases occur, however, in the arts in which the resistance to be overcome by 
the piston is of a gradually decreasing nature. In such cases, the expansive action 
of the steam, being also gradually decreasing, may be kept in equilibrio with the work 
without the intervention of the equalising action of the fly-wheel. Thus if the piston 
work a pump by which a column of water is raised, which colnmn flows off at the top, 
the length of the column, and therefore its weight, is greatest when the buckets of the 
pump begin to ascend, and least when they arrive at the summit of their play. The 
weight in the buckets is in this case of continually decreasing amount, like the 
decreasing force of expanding steam. 

18. But, in most cases, some equalising contrivance is necessary where the expan- 
sive principle is extensively used, and where anything approaching to uniform action 
is necessary. 

19. The expansive action of steam is applied in steam engines in various ways, hut 
by far the most usual is that which we have described iu the above illustration, by 
cutting off the supply of steam at some point before the completion of the stroke. 
In some cases it is cut off at half-stroke, in some at one-third, and in some at much 
smaller fractions of the entire stroke. In other cases a small and a large cylinder 
fitted wiih pistons are placed side by side and the steam admitted at a high pressure 
into the smaller cylinder is there cut off and allowed to expand into the larger 
, cylinder# 
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SECTION Till,— HOW A VAOOUM IS PEODTiOEO Wl'CHOtTT OOOLINO SHE TESSEE 
'OONTAININO THE STEAM. ■ ' 

1. With wIiateTer force tlie pistoa be impelled, the effects of that force will be 
evidently augmented, by an ability to produce a vacuum, or even a partial vacuum, in 
that part of the cylinder towards which tlie piston moves. 

2. It has been already shown that this maybe accomplished, if the cjrlinder be 
previously filled with steam, by exposing the steam which has filled it to the contact 
of cold. If a cubic foot of steam at 212® be reconverted into water by cold, it will be 
reduced to a cubic inch of that licpiid, and we shall have the entire cubic foot, minus 
one inch, a vacuum ; and therefore, for every cubic foot of Steam in the cylinder we 
shall have a cubic foot of vacuum minus one cubic inch. 

3. But here we encounter a practical difficulty which long remained without solu* 
tion. If we produce the vacuum by cooling the cylinder, and thus condensing the 
steam it contains, we shall he obliged, on the next stroke of the piston, when the 
cylinder must be refilled with steam, to raise its temperature again to that of the 
steam it is intended to contain ; for otherwise the cylinder itself would condense the 
steam intended to fill it. Now, the heat necessary thus to warm the cylinder at 
every stroke of the piston would entail Upon us an enormous waste of fuel ; yet to this 
waste was every steam engine exposed from the date of the invention of that form of 
the engine called the atmospheric engine, in the first years of the last century, Until 
the year 1763, when Watt solved the problem j5o condense tUe steam mtliout cooling the 
cylmder* 

4. Like almost all discoveries of tbe first order in the arts, this seems astonishingly 
obvious now that we know it; and one only wonders how it could remain for more 
than half a century undiscovered, human invention moreover being stimulated by the 
prospect of a reward which in the case of Watt proted to be a princely fortune. 

5. The first expedient suggested in the progress of discovery for the production of 
a vacuum in the cylinder, by the condensation of the steam within it, was to cool the 
cylinder itself by the application of cold water on its external surface. 

This process was slow, and consequently retarded injuriously the rate of action of 
the machine. Accident suggested a much more prompt and effectual method. 

It happened that a leak took place in the bottom of a cylinder, at a point where a 
supply of cold water was placed ; the water, pressed by the atmosphere through the 
hole, spirted up in a jet within the cylinder, and in an instant, by its contact with the 
steam, condensed it and produced a sudden vacuum. The unusually rapid descent of 
the piston attracted the attention of the Engineer, the cause was investigated, and 
the method of cooling the cylinder on its exterior surface was thenceforward abandoned. 
A cock or valve was placed at the bottom of the cylinder, by which cold water was 
injected when it was required to condense the steam, and another was provided by 
which the water and condensed steam were allowed to escape. In this manner the 
engine continued to be worked until the application of the invention, which, with so 
many others, has conferred immortality on the name of Watt. 

6. Although the condensation by jet has the advantage, as we have stated, of 
being prompt, yet the cylinder was still cooled, and the waste of fuel attendant upon 
reheating it still took place. It is true that a jet of water would in the first instance 
condense the steam within the cylinder without materially lowering the temperature 
of the cylinder itself ; but the effect would he that the heat of the cylinder, acting on 
the water contained within it, would immediately reconvert a portion of such water 
into steam, and destroy the vacuum before it could take effect upon the piston. It 
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was therefore necessary to throw in by the jet as mnch cold water as was sufiSlcient not 
merely to condense the steam, bnt also to cool the cylinder down to the temperature 
of at most 100®; and even at this temperature a portion of the vapour was still 
uncondensed, which impeded injuriously the action of the machine, 
if. The invention of Watt hot ohly had the effect of producing ah almost perfect 


vacuuhi, but it did so without in the slightest degree lowering the temperature of the 
cylinder. The idea occurred to Watt of placing near the cylinder another vessel 
submerged in coid water, and having a jet of cold water constantly playing within it. 
Whenever it was desired to condense the steam in the cylinder, he opened a commu- 
nication by a coch or a valve between this vessel and the cylinder, and immediately 
the steam, by its elastic force, rushed into this vessel, and was instantly condensed, 
leaving in the cylinder an alhiost perfect vacuum, and at the Same time exposing the 
cylinder to no cold w'hich could in the slightest degree lower its temperature. 

8. The vessel here described, immersed in a cistern of cold water, and having a jet 
playing in it was called a condenser. By the continuance of the |)rocess just described 
such vessel would, aftet a time, not only be filled with water supplied from the jet, 
and the Condensed steam proceedihg from the Cylinder, hut it would also coniain 
more or less air which would enter in a fixed form in the water, and which would he 
liberated by the warmth of the steam condensed by the watei*. This air would vitiate 
to some extent the vacuum in the condenser, into which it would pass in virtue of its 
elasticity. !l!hese impediments were surmounted by the adjunction of a pump to the 
condenser, by which the water supplied by the jet and the condensed steam, as well 
as the air just adverted to, were constantly pumped out. 

9. This is called the 

10. The water surrounding the condenser, unless it were changed, would in time 
become warm, and fail to effect the condensaticn. This is remedied by the application 
of a pump and waste pipe to the Cold cistern in which the condenser is submerged. 
The pnmp continually supplied cold water, which, by its comparative weight, had a 
tendency to sink to the bottom ; and the waste pipe, placed near the surface, let 
escape the warm water, which, by its comparative lightness, ascended : thus, with 
these arrangements, the method of separate condensation became complete. 

11. The effect of this invention, with a few others, which will be described here- 
after, was to save about 75 per cent, of the fuel consumed by the steam engines as 
previously worked, "Watt and his partner Boulton were content to receive, as their 
reward for this gift to the arts, one-third of the saving which they effected ; and this 
one-third proved to be sufficient to enable each of these illustrious men to leave to 
their descendants magnificent fortunes. 


SECTION" iX. — THE MECHANICAL ACTION OE STEAM MAT BE AUCMEKTED BY 
HEAT IMPARTED TO IT DIRECTLY. 

1. In all the ordinary applications of steam, the heat imparted is applied to water 
from which the steam used for mechanical purposes is raised. Heat, however, may 
be imparted directly to the steam itself, after it has been separated from the water, 
and, when so applied, it will augment in a certain proportion the mechanical efficacy 
of the steam. 

It has been thought by some projectors that beat applied in this way might he 
rendered more efficacious than when applied in the evaporation of steam from water. 
It may therefore be worth while to explain here to what extent the mechanical power 
of steam can be augmented in this way. 


2. It is a remarkahle fact, that the effect of heat applied to air and all species of 
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gases in augmenting iHeir volume is precisely the same. It is found that if air or any 
species of gas be confined within a certain volume, and that heat be applied to it until 
its temperature be raised one degree, its elastic force will be augmented by one 480th 
part of its whole amount, Thus if a certain surface of the vessel which contains it 
suffer a pressure from its elastic force of 480 |bs,, the same surface will suffer a 
pressure of 481 lbs, from the temperature, of the air or gas being raised one degree. 

3. Now it is still more remarkable, that the yery same law applies to every species 

of vapour, that of water included. If then a cylinder containing steam excluded 
from coutact with water be e:?;posed to. any source of heat, it will receive the above 
augmentation of pressure for every degree by which its temperature is elevated. This 
increase amounts, In round numbers, to one-fifth, per cent, of the whole piechanical 
effect. ' ■ ■ 

4, It is scarcely necessary to say that the same quantity of fuel which would 
produce this increase of mechanical effect, applied directly to a vessel containing 
steam, would produce a greater mechanical effect, applied to a boiler to produce steam 
from water. 

It is therefore not necessary to dwell further on this principle, as invention has not 
yet profitably employed it in the case of steam. 

SECTION X. — now 4 PISTON IS MADE TO MOVE ADTERNATELT pROM END TO 
END OP A CYLINDER WITH A pEPINITE MECHANICAL POBCE. 

1. It is evident that if steam can be adiUitted on one side of the piston, and with- 
drawn on the other, the piston will move in obedience to the pressure on the side at 
w^hich it is admitted. 

2^ If, when the piston arrives in this manner at the end of the cylinder, the steam 
which has impelled it he withdrawn, and at the same time steam he admitted on the 
other side, the piston will move back again from exactly the same cause. 

Thus to produce the alternate motion of the piston, it is only necessary to provide 
means for the alternate admission and escape of the steam at each end of the 
cylinder. 

3. This supprses two apertures of some kind at each end, one for the admission 
and the other for the escape of the steam : it supposes also one of these apertures to 
communicate with the boiler, where the steam is generated, and the other to com- 
municate with the condenser, where the steam is destroyed. 

4. It supposes, moreover, some means of alternately stopping and opening each of 
these apertures. 

The means whereby this is effected are very numerous. 

5. It may he done by stoppers which fit steam-tight into holes, from which they 
are lifted or drawn, and to which they are returned alternately, Just as the stopper of 
a decanter would he, only that they are made more conical, in order that they may 
he more suddenly opened and closed. These are usually made of brass or gun-metal, 
and may be ground so as to fit with great precision. 

These contrivances are called conical mlves. Those which open a communication 
with the boiler are called &team 'oafees, and those which open a communication with 
the condenser are called exhamt mhe&, 

6. Now supposing that we are provided with such contrivances, and are supplied 
with the proper mechanism for opening and closing them, nothing can be more simple 
than to work the engine. 

7. Although it is not necessary that the cylinder be placed in a vertical position, 
and very often it is not so, yet, for the convenience of explanation, we shall liere 
suppose it in that position, and we shall distinguish the two steam valves as the 
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upper and lower,, and tlie same witli tlie two ezliaust valves. Eet ns tlien suppose 
tKe piston to begin its motion at the top of the cylinder, and let the cylinder under 
it be imagined to be filled with steam, all the valves being closed. Let the upper 
steam valve and the lower exhaust valve be simultaneously opened. Steam will fiow 
through the upper steam valve above the piston, and the steam belo w the piston will 
flow through the lower exhaust valve into the condenser, where it will be destroyed. 
We shall have a vacuum under the piston, and the pressure of steam above it. The 
piston will therefore descend to the bottom of the cylinder. 

8. When it arrives there, let the two valves, which have just been supposed to he 
opened, be closed. The top of the cylinder will now be shut off from the bailer, and 
the bottom from the condenser. At the same time, let the lower steam valve and 
the upper exhaust valve be opened. The steam which filled the cylinder above the 
piston will immediately rush to the condenser through the open exhaust valve, where 
it will he destroyed, and steam from the boiler will pass below the piston through the 
lower steam valve. Steam pressure will therefore act below the piston while there is 
a vacuum above it, and the piston will ascend until it reaches the top of tho 
cylinder. The constant repetition of the same process of opening and closing the 
valves in pairs would obviously in this manner continue the alternate action of the 
piston from end to end of the cylinder. 

9. In the earlier steam engines this pi*ocess of opening and closing the valves was 
executed by the hand of an attendant, and, like all constant mechanical action which 
depends on the human will, was done frrogularly. It soon became apparent that the 
piston itself could he made to execute this with the most perfect certainty, regularity, 
and precision. Tradition says that an uneducated child, named Humphrey Potter, 
was the inventor of this improvement, by which the steam engine first became a self- 
acting and self-regulating machine. 

10. From what has been above explained it will be evident, that although there 
are four independent valves, there is in reality only a single motion, and that all the 
four may he easily managed to be connected so that the motion to he imparted to 
them may he effected by a single impulse proceeding from any convenient part of the 
machinery. 

11. When the piston arrives at the top of the cylinder, two valves-— the upper 
steam valve and lower exhaust valve— are required to be opened ; and at the same 
moment the two other valves— the lower steam valve and upper exhaust valve- 
must be closed; Now as all these movements are simultaneous, it may be easily 
imagined that the four valves may he so connected that a single movement imparted 
to them should open one pair and close the other pair. 

12. When the piston arrives at the bottom of the cylinder, a single motion in the 
contrary direction will evidently effect the object to be attained, that is to say, to 
open the lower steam valve and upper exhaust valve, and close the upper steam valve 
and lower exhaust valve. 

13. These communications between the ends of the cylinder and the boiler on the 
one hand, and the condenser on the other, are often governed by means even more 
simple than by the valves we have just described. 

14. The two openings or ports leading to either end of the cylinder are sometimes 
made in fiat surfaces upon which metal covers or slides are made to move backwards 
and forwards by means of a rod actuated by an eccentric on the working shaft. The 
slide opens and closes the parts alternately, and by the same action causes the escape 
of the waste steam into the condenser, or into the atmosphere. The slide works in 
a cdiambe® called the valve chest, into which steam passes from the boiler. 

15; These are called dides» 
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16. If tlie steam be used espansively, by shutting it off before the completion of tlie 
stroke, the times of opening and shutting the several apertures will not he the same. 

17. The opening by which the steam is admitted will in that case be closed at the 
moment when the piston has completed a certain part of the stroke, and the valve for 
the admission of steam at the other end must not be opened till the end of the stroke. 

18. When a cylinder is so worked, there will then he three epochs in each stroke at 
which the valves must be acted upon,— at the commencement when the steam is first 
admitted to impel the piston, at some intermediate point when its inffus is stopped, 
and at the extremity when it is let in on the other side. If conical valves be used, 
such as we have first described, each moving inciependently of the other, it is easy to 
conceive how these effects may be produced ; but even with slides they are also 
managed by so adjusting the slide to the opening, that by two successive motions, 
made at different points of the stroke, the effect is prodnced. At the commencement, 
the slide being advanced through a certain space, the steam is admitted on the one 
side of the piston and withdrawn from the other ] at an intermediate point, the slide 
being further advanced, the influx of st;eam is shut off, but the efflux on the other 
side still permitted ; at the termination of the stroke, another movement of the slide 
admits the influx on the other side, and the efliux on the opposite side. 

19. The efficiency of the operation of the piston greatly depends on its being steam- 
tight in the cylinder. The least leakage from the one side to the other would cause 
the steam to escape to the vacuum side. It is true that, arriving there, it would 
immediately rush to the condenser, so that it might not sensibly impede the action of 
the piston, but it would still be a source of waste of power, 

20. Pistons are rendered steam-tight by metallic packing. 

21. Between the two plates forming the top and bottom of the piston are placed a 
number of metallic rings, one above the other, so as to fill the space between the two 
plates, and having their diameters a little less than that of the cylinder : these rings 
are usnally cut into three or four segments, the points at which each ring is cut not 
corresponding with those at which the rings above and below are cut. Within these 
segments are placed springs, which, acting from the centre of the piston, urge the 
segments against the surface of the cylinder. The construction of these and the foimi 
of the cylinder itself have been brought to such a degree of precision, that these 
pistons act with complete efficacy ; and use, instead of injuring, improves them. 

22. In all the preceding explanations it has been supposed that the steam is 
admitted at either end of the cylinder at the moment that the piston has arrived there, 
atid is about to commence its action in the opposite direction. In practice, however, 
it is convenient to admit the steam a little before the moment when the piston 
reaches the extremity of the cylinder : this is attended with the advantage of assisting 
to break the shock which would attend the sudden change in the direction of the 
motion of the mass of matter composing the piston and rod, and the other parts of the 
machinery which partake of their alternate motion. The steam admitted just before 
the motion of the piston is reversed, acts as a sort of cushion to receive the piston. 

23. These and other matters of practical detail in the operation of the engine, 
render the time of opening the valves a very important matter, and machinery is 
accordingly provided for regulating the moment of their opening with the greatest 
certainty and precision. 

SECTION SI. — HOW THE ALTEBNATE MOTION OE THE PISTON-ROD IS CONVEYED TO 
THE WORKING BEAM. . 

1. In most stationary en^nes of the larger class, the power exercised by the piston 
ana steam engine is in the first instance imparted to a beam called the loorHngt 
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ieam, •whioli is supported on a fixed axis, and -wliioh vibrates alternately upwards and 
dowu’W'ard^, 

Now, it may at first view appear tliat we migM at once impart tlie motion of the 
piston to tlie beam by attaching its extremity to that of the beam by a common joint 
and pin, but the slightest reflection will show that such an arrangement would be 
incompatible with what has been already stated. 

2. It will be remembered that the piston-rod is a thick rod of iron, accurately 
formed and polished, that it is firmly attached to the centre of tlie piston, and that 
the constrnetion and operation of the cylinder and piston require that the rod should 
accurately moTe in a straight line npwarcls and downwards. Now, the end of the 
beam, which Tibrates alternately on a hori 2 :ontal axis, will move alternately upwards 
and downwards, but not in a straight line. It will move alternately in the arc of a 
circle, the centre of which will he that of the axis on which the beam vibrates. If, 
then, we attempt to connect immediately the end of the piston with the end of 
the beam, the consequence will be that the end of the piston, following the motion 
of the end of the beam, will be moved alternately upwards and downwards, in a 
circular arc, and consequently would be strained or bent, and its action in the 
cylinder disturbed. 

5. There are several ways of surmounting this difficulty, all of which consist in 
interposing between the end of the piston-rod and the end of the beam some piece 
of mechanism which will allow the rectilinear motion of the one and the alternate 
circular motion of the other, 

4. The most simple expedient of this kind consists of a rod of metal, working at 
one end by a pivot on the beam, and at the other by a pivot on the end of the piston- 
rod. In this case, however, there would still be a liability to straining the piston-rod 
from its rectilinear motion, were it not regulated by some species of guide. A 
common method of effecting this is to attach at the top of the piston-rod a cross piece 
so as to make with it a form like the letter T. The ends of this cross piece are made 
to slide on fixed upright rods, or between fixed fiat plates of iron, called * * Guides , so 
that these last may resist any tendency to strain the piston. The joint or joints 
connecting the piston with the end of the beam may be attached to the ends of the 
cross piece, 

IS. It is not indispensably necessary that a beam should be employed at all, and in 
some engines of smaE magnitude and compact form it is omitted. A rod is brought 
from the cross head of the piston directly to the crank pin of the main working shaft* 

6. In many cases, and especially in the large class of steam-engines used in England 
in manufactories, the piston-rod is connected with the beam by a contrivance called a 
parallel Tnotion, This is a combination of rods, so arranged and joined together that 
while one of their pivots is moved alternately in a circnlar arc, like the end of the 
beam, some point upon them will be moved alternately upwards and downwards in a 
straight line. 

7. A great variety of combinations and proportions are capable of effecting this 
with sufficient precision for all mechanical purposes, but that which is best known as 
the parallel motion, and which is due to the invention of the celebrated Watt, is in 
principle as follows. (See the figure in the next page.) 

8. Let two equal rods o b and o n be attached by pivots to two fixed points at o and 
0 , on which they shall be at liberty to play alternately upwards and downwards in the 
oiroular arcs and i/ n '' ; but let their play be limited to small arcs. Now, let a 
third rod b b he connected by pivots with the ends of the two former. 

Let a iKUnt k be, marked at the middle of the rod b b. Now if c b be made to 
vibrate on Its centre a alternately in the arc b' which will cause at the same time 
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0 P to vibrate alternately in tbe arc j>' j>", it will be found that the point m will ascend 
and descend in a line m' m", which will not deviate sensibly from a straight line, in a 
vertical direction 5 in fact, if a pencil were attaclied to the point M, and a surface held 
behind it, such pencil, by the motion of the rods, would trace a vertical line upon the 
surface. 

Now, if we imagine 0 b to represent the beam of the engine, and 0 n and b p rods 
connected with it in the manner already desciibed, 0 being attached to a fixed pivot, 



9. To demonstrate strictly this, would require the application of mathematical 
principles not compatible with our present object ; nor, indeed, is it . strictly true, in 
a geometrical sense, that the motion of the point M takes pdace in a straight line ; its 

deviation, however, from a vertical line, within the limits of the play given to the* 

beam and piston, is so extremely small as to have no practical eftect whatever. r 

The general effect of the combination here described may be understood thus - 
When the point B is moved upwards to b', the upper extremity of the rod b b is drawn 
a little to the right, and at the same time the lower extremity n, being moved to n', 
is drawn a little to the left. When the extremity b descends to b", the extremity j> 
descends to p", and the ends are again drawn the one a little to the right and the 

other a little to the left. It will be easily understood that in this case, while the 
ends of the rod b p are thus alternately made to move right and left, there will be an 
intermediate point of it which will neither deviate on the one side nor on the other. 

The upper half of the rod, in fact, is continually inclined towards the right, and the 
lower half towards the left, the middle point being affected by neither motion, and 
therefore being moved vertically upwards and downwards in a direct straight line. 

This is the principle of the parallel motion. 

10. In its practical application it appears somewhat more complicated, for in order 
to accommodate tbe arrangements of the beam and piston-rod, a great number of rods 
and joints are necessary to be used ; but these are mere matters of mechanical conve- 
nience, and have no effect upon the principle of the arrangement. 
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lerefore now apparent tliat the alternate motion of the piston-rod up wards 
awards in a straight line imparts a corresponding alternate motion to the end 
n'Mng beam in a circular arch. 

Ithongh we have, as usual, here described the arrangements as if the cylinder 
tical and the beam placed over the piston-rod, this position is neither 
f nor is it invariably adopted. Sometimes the beam is placed below the 
and the rods of the parallel motion or connections, with the cross head and 
tre made of sufficient length to extend down to the beam. Sometimes the 
is horizontal and the beam vertical, and cases even occur in which it is 
mvenient to place the cylinder in an inclined position ; but all these are 
of arrangement to be determined by the circumstances in which the engine is 
and have nothing whatever to do with its mechanical principle. 


)N XII. — HOW THE ALTEEXATE MOTION OE THE WORKING BEAM EEODIJOES 
A MOTION OP CONTINUED ROTATION. 


f all sorts of motion, that which is most freiiuently required n the aits is one 
inued rotation. Mills 
>ries of every kind are 
d by machinery which 
j its motion from a 
kept in constant rota- 


s impelled hy steam 
3 over the deep are 
by paddle-wheels or 

f to which constant rotation must be im- 
, Carriages on railways are propelled by coni- 
; one or more of their wheels to revolve con-* 
y by the application of adequate power to it. 
s so evident, that one of the first and most im- 
t problems the steam engineer has to solve is 
) make the alternate motion of the piston-rod 
se the continued rotation of a wheel, 
rhe contrivance by which this is effected 
5 universally is called a connecting rod and 



^ crank is an arm sometimes attached to the 
of the wheel to which revolution is desired 
imparted, and the wheel is made to revolve 
by the same mode of action as that by which 
3h turns a windlass. 

IS, if K he the centre to which motion is to he 
ted, K I is an arm or lever fixed upon such 
i. A pin called the Cfi'ank-'pin is attached to 
1 1, which forms the joint by which the con- 
Lg rod is united with the crank, i h is a 
; iron rod extending from the crank pin to the 
f the working beam, with which it is connected 
similar pin. The weight of this connecting 
-s adjusted that it exactly balances the 
t of the piston and its rod attached to the other end of the 


beam. In the 


A 





’ 5 » 


figure the crank is represented by dotted lines in the different positions whicb it 
assumes as it revolves. As tbe end of the beam is moved upwards and downwards, 
the crank will be turned round the centre k, and a motion of continued rotation will 
be produced, which will be communicated to any wheel fastened upon the axle K. 

3. To make the action of the piston upon the crank perfectly clear, let it be sup« 
posed that the piston is in its descending stroke. The force of the steam upon it is 
imparted by the rod and the intermediate mechanism to the end of the beam which 
is draAvn down. At the same time the other end of the beam, with the connecting 
rod, is drawn up. The crank is thus made to ascend from its lowest to its highest 
position, to which it arrives w'hen the piston has reached the bottom of the cylinder. 
When the piston ascends, the force of the steam is in like manner transmitted to the 
beam by tbe piston-rod, which is made to ascend, and the opposite extremity, with 
the connecting rod, descends, by which the crank is driven to its lowest position 
on the side opposite to that on which it ascended, and thus a motion of continued 
rotation is produced. 

4. But in this action there are particulars necessary to be noticed. There are two * 
positions which the crank assumes, in each revolution, at which the force of the piston 
can have no effect in continuing its motion : these positions are those which the 
crank assumes when the piston is at the top and at the bottom of the cylinder, the 
points at which it changes the direction of its motion. When the piston is at the 
bottom of tbe cylinder, tbe crank-pin is immediately above the axis to which tbe 
crank is attached : in this position the force of the piston would have no other effect 
than to press the crank perpendicularly upon the axle, and evidently would have no 
effect whatever in making it revolve. If we were to suppose then the entire ma- 
chinery at rest in this position, the steam acting on it could not put it into motion. 

5. Again, if we suppose the piston to be at the top of the cylinder, the crank-pin 
will then be at its lowest point, and will be directly under the axle : the effect of the 
steam acting above the piston would then be to press the crank-pin upwards against 
the axle, but it could have no influence in turning it. If, therefore, the machinery 
were at rest in this position, it could not be put in motion by the steam. 

In any intermediate position, however, the connecting rod would act on the crank 
with a leverage more or less effective, and would move it. 

6. The two points -which we have here described, at which the crank-pin assumes 
its highest and lowest position, are usually called the dead joints. 

Now it may be asked why the engine does not cease to move every time the crank- 
pin arrives at these dead points, seeing that there the moving power, however 
energetic, can liave no effect on it. 

7. The answer is, that the machinery is extricated from this mechanical dilemma 
in virtue of the common property of matter called imriia, by reason of which, when 
it has acquired any definite motion in any ceitain direction, it will not suddenly stop, 
even though it be impelled by no external force, but will continue to move until the 
momentum it had acquired be exhausted by friction and other resistance. 

8. Since, then, the motive power continues to exercise more or le^s force up to the 
dead points, the machinery, arriving at them, has some definite motion, and the 
momentum consequent upon that motion carries the crank • out of the critical position 
we have referred to, 

9. But, independently of the dead points, there are other circumstances attending 
the action of the connecting rod on the crank, which are necessary to be explained. 

By the intervention of the beam, the force of the piston is transmitted to the crank- 
pin in the direction of the connecting rod. Now hy ohserving the diagram above 
given, shewing tbe successive positions of tbe connecting rod and crank, it will be 
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seen tliat twice in eacli reTolution tlie connecting rod is at rigKt angles wifcli tlie 
crank, but tliat in other positions it is more or less oblique to it ; the extremes of the 
obliquity terminating alternately in the dead points, in one of which the connecting 
rod and crank are brought into a continued straight line, and in the other the crank 
is as it were doubled on the connecting rod. 

10. Without resorting to the language of technical geometry, it will be apparent 
that the action of the connecting rod on the crank is most energetic when they are 
at right angles : and that according as they hecome more and more oblique, and 
approach the dead points, the action hecomes less and less effectiYe, . It diminishes 
rapidly in approaching these points, and is altogether extinguished on arriving at 

them. It appears then that the action of the connecting rod on the crank is subject 
to a regular variation in each semi-revolution: a maximum when they are at right 
angles, it diminishes, and at length vanishes when it arrives at the highest point ; 

then, in descending, it re-appears, augments, and is a maximnm at the point where 
they are at right angles ; then it again diminishes gradually, and ultimately vanishes 
at the lowest point; having passed which, it again re-appears, augments, and is a 
maximum when it assumes its rectangular attitude. 

11. Now although the inertia of that portion of the machinery wdxieli is once put 
in revolution he sufficient to prevent the motion from ceasing, and the engine coming 
to a dead lock when the crank-pin comes to the dead points, yet it is not generally 
sufficient to prevent a very great inequality of motion from arising from the cause 
which we have here explained. An expedient accordingly has been resorted to, which 
perfectly counteracts this inconvenience, and equalises the motion. This expedient is 
the fly-wheel, which we have already described. 

12. The fly-wheel is placed on the same axle x as the crank, and it is made to 
revolve simultaneously with the crank. This wheel is so nicely balanced on its 
centre, and moves with so little friction, that it absorbs a very inconsiderable portion 
of the moving power. It is usually made of very large diameter, and its ring or 
circumference is composed of a very ponderous mass of metal. All this metal is put 
in motion hy the moving power, and, from its great mass, has a considerable mo- 
mentum even when the velocity is moderate. When the crank is at tbe dead points, 
this mass, by its momentum, continues the revolution, and carries tbe crank into a 
new attitude, where the moving power exercises an influence on it. When the crank 
and connecting rod are in that position in which their action is most energetic, the 
fly-wheel absorbs a part of the moving power. As the crank approaches the position 
in which the action of the moring power upon it hecomes enfeebled, the fly-wheel 
gives back to the machinery such surplus power as it received when the action of the 
crank was most energetic. 

13. Between the fly-wheel and the engine there is, therefore, a continual recipro- 
city of action and interchange of power, which in practice completely equalises the 
velocity ; and there is in fact no perceptible difference between the speed of the 
movement at .the dead points, where the moving power loses its influence, and at the 
middle of the stroke, where its action is most effective. 

14. To minds not very familiar with mechanical considerations, it may seem 
extraordinary that the intense action of the moving power upon the fly-wheel at the 
middle of the stroke should not at these points produce a perceptible acceleration 
in its motion, and a corresponding irregularity, therefore, in the motion of the 
machinery which it drives ; hut it must he considered that the excessive mechanical 
fbrcemerted at the middle of the stroke is imparied to a great mass of metal col- 
lected im the rim of a very large wheel. Now the velocity wbicTi a given force 
produces is diminished in the direct proportion of the mass of matter to which it is 
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imparted : tiius a force wMcli would give a certain speed to a ton of metal would 
give only a tentli part of sncTi speed to 10 tons. *1116 weiglit collected in tlie rim of 
tlie fly-wlieel is so great tHat tlie excess of power of the engine at the middle of the 
stroke, when imparted to it, produces an inconsiderahle increase of speed. But this 
increase of speed, inconsiderable as it is, is produced on the circumference of a very 
large circle, and the mass of matter thus moved must be carried through a very 
considerable space in making even a single revolution. Thus, what between the 
great mass of metal collected in the rim of the fly-wheel and the great diameter of 
the fly-wheel itself, the uneq[ual action of the crank is rendered absolutely imper- 
ceptible. 

15. In some elementary works on the steam engine, proceeding from persons who, 
however respectable tbeir practical attainments, are deficient in mathematical know- 
ledge, the crank is represented as an imperfect contrivance, and an extensive source 
of waste of power, owing to unequal action. 

Nothing can he more fallacious than the reasoning of such writers. It can be 
demonstrated by the most strict geometrical reasoning, and the result is verified by 
experience, that in the action of the crank and fly-wheel there is no other loss of 
power than such as is incidental to the common and well-understood causes of friction 
and atmospheric resistance. 

16. Owing to such fallacious notions, much valuable inventive power has been 
wasted in attempts after the contrivance of what are called rotatory steam engines, 

A rotatory steam engine is one by means of which a movement of continued 
rotation may be immediately given to a piston, or, in other words, by which the 
power of the steam can he immediately applied to a revolving wheel without the 
interposition of a piston, cylinder, beam, and crank. If such an application could be 
contrived without the various countervailing losses of power which haye hitherto 
invariably attended such projects, it would certainly have some advantages ; but it is 
not easy to see how such an object can be attained, and at all events, notwithstand- 
ing the expenditure of a vast amount of ingenuity and capital, it has never yet been 
effected. 

17. Gases occur, as for instance in the locomotive and marine engine, in which a 
fly-wheel cannot conveniently be attached to- the steam engine, and yet where uni- 
formity of action is necessary. In such cases the object is usually attained by using 
two cylinders, wbieh drive two cranks constructed on the same axle, huf having such 
positions that when either is at its dead point, the other is at its point of maximum 
efficiency. Thus, while the efficiency of one crank increases, the other diminishes, 
and vice versd^ and the sum of their actions at all times is nearly the same. 

SEOriON xm. — HOW the STBA^I snoot is RENDEEED a SELE-ACfTINO MACHINE. 

1. We have already stated that this is accomplished by making the engine open 
and close, at the proper times, the valves by which steam is admitted to and dis- 
charged from the cylinder. In the earlier engines this was accomplished by a lar or 
rod attached to the end of the working beam, and carried down parallel to tlie cylin- 
der. On this bar were attached pins, so placed that as it ascended and descended 
they struck the handles or levers of the respective valves, and opened or closed them, 
as the case might be. This method is still used in some of the larger class of engines 
applied to the pumping of water. Where slides are used (as indeed is almost invari- 
ably the case), they are generally moved by an apparatus attached to the crank- shaft, 
called an 

2. This consists of a circular plate of metal b d, which is fixed upon a point a at 
some distance from the geometrical centre. Eound this eccentric point it is made to 
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revolve, and in revolving it is evident that its geometrical centre, revolving round its 
centre of motion, will he thrown alternately to the right and to the left of snoh 
centre. , 

3. Now let ns suppose this circular plate to be surrounded by a ring, within v4ich 
it is capable of turning, but so that the ring shall not turn with it. 

Then such ring will be thrown alternately to the left and to the right of the centre 
on which the eccentric plate is made to turn, and the length of its play, right and 
left, will be equal to twice the distance of the geometrical centre of such circular 
plate from the centre bn which it turns. In the figure annexed, is the centre on 
which the circular plate revolves ; c is its geometrical centre ; f i is the ring which 
embraces it, and witbin which it can turn. To this ring is attached a connecting rod 


or frame, lmh. As the centre c is thrown alternately right and left of g by the 
revolution of the plate, the point m receives a horizontal motion, right and left, to a 
like extent. 

This motion is transmitted by means of levers to the slides of the engine by obvious 
and well-known mechanical contrivances. 


SEd’JION ilY.— -HOW THE MECHANICAL EFFECT EXEBTED BY THE PISTON IS 
ASCERTAINED, 


1. Whatever be the circumstances under which the engine is worked, it will never 
happen that throughout the entire length of the stroke the pressure of steam on the 
piston will be exactly the same. Still less will it happen that the vacuum towards 

the piston moves will be uniformly perfect. 

The moment the exhausting valve is opened, the steam begins to rush from the 
cylinder to the condenser, but its condensation is not instantaneous. The first 
portion which mingles with the jet produces warm water, from whence steam is repro- 
duced j and it is not until so much cold water has been mixed with the steam as will 
reduce its temperature considerably below 100", that the vacuum in the cylinder will 
become practically perfect. 

2. The more speedily this effect is produced, the more efficient will be the opera- 

tion machine, but it never is produced until the piston has already made some 
porpon (rf tshe stroke. The piston, therefore, begins to move against a vapour which 
offers r^istmce more ox less considerable, and the impelling power of the steam 
at the other side m to such extent neutralised. Tbis resi stance diminishes. 
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and when the piston has made a certain portion of the stroke, it will have keen 
reduced to its minimum amount. 

It is evident, then, that this resistance must he ascertained and calculated before 
we can determine the mechanical efficiency of the piston. 

3. But this is not all ; the steam which impels the piston never acts throughout the 
stroke with uniform effect. When it acts expansively, being cut off at some deter- 
minate point of the stroke, we have already seen that it acts with an uniformly 
diminished pressure j but even where the expansive principle is not used, the steam 
is still cut off a little before the completion of the stroke. 

4. There is still another point to be attended to. We are able by easy means to 
ascertain the pressure of steam in the boiler, but it would be a great mistake to 
assume that this must be the pressure of the steam in the cylinder* In passing from 
the boiler to the cylinder, the steam has to force its way through various passages, 
some of which are very contracted, and in so doing it suffers an effect which engineers 
express technically by the term wire-drawn. In fact, the steam loses somewhat of its 
density before it reaches the cylinder. If, then, we would know the real mechanical 
pressure on the piston, we must measure directly the pressure of the steam in the 
cylinder, and not derive our knowledge from its pressure in the boiler, 

5. If we can at each successive point of the stroke ascertain the exact pressure of 
the steam which impels the piston, and also the pressure of the uncondensed vapour 
which resists it, we have only to subtract the one from the other to obtain the 
efficient pressure on the piston at the moment ; and if we can do this successively 
throughout the entire stroke, we shall obtain the total mechanical efficiency of the 
engine. 

6. A beautiful little instrument was, among the numerous results of his fertile 
genius, invented hy Watt for this purpose, called an indicator. (See Section xxvii., 
title ^^Watt's Indicator . It consists of a brass cylinder, something less than 2 inches 
in its internal diameter, and from 8 to 12 inches in length. It is bored with extreme 
accuracy, and a solid piston moves steam-tight in it with very little fnction. 

7. This cylinder is open at the top, and the piston-rod is kept precisely in its axis 
by passing through a ring placed near the top. A spiral spring surrounds the rod of 
the cylinder, and is attached at one end to the ring through which the rod plays, and 
at the other end to the piston. When no force acts on the piston, and this spring is 
therefore neither extended nor compressed, the piston stands at the centre of the 
length of the cylinder ; when any force presses the piston upwards, the spring is 
compressed, and the piston rises ; and when any force presses the piston downwards, 
the spring is extended, and the piston descends. 

From the known mechanical qualities of a spring of this species, it follows that the 
space through which the piston rises or falls always indicates the force by which it is 
urged. 

At the top of the piston-rod, and at a right angle with it, is attached a pencil, 
which plays upon a card properly placed, and traces upon it a line according to thei 
ascent or descent of the piston. 

While the piston of the engine descends, the card is moved horizontally against the 
pencil through a certain space ; and while it ascends, it is moved back again through 
the same space : by this combination of movements a geometrical figure is traced 
upon the card, the breadth of which, measured vertically, represents for each point 
of the stroke the effective pressure, and the entire area of such figure represents the 
total effect. 

When the steam acts against the piston of the indicator, the space through which 
that piston ascends represents the excess of the pressure of the steam above that of 
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the atmospliere ; and wEen it descends by reason of the vacuum, the space tbrougb 
wMob it descends represents the excess of tbe pressure of the atmosphere above tbe 
pressure of the nncondensed vapour : consequently, the sum of these two spaces will 
represent the excess of the pressure of the steam which impels the piston of the 
engine above the pressure of the uncondensed vapour which resists it ; and this being 
taken for each successive point of the stroke, it follows that the entire area of the 
figure will represent the effective action of the piston of the engine. This will be 
more clearly understood by referring to the figures, with their explanations, in Section 
xxvn. 

8. The chief value, however, of this contrivance consisted more in its indication of 
the action of the condenser than as affording a direct measure of the effective action 
of the machine. It showed at once, and in a manner quite unequivocal, whether the 
condenser was doing its duty, and whether the condensation was sufficiently prompt. 
The moment the exhaust valve is opened, the piston of the indicator ought suddenly 
to drop ; and although it will sink lower while the stroke proceeds, the chief motion 
should be instantaneous. When the condensation is not prompt, then the piston falls 
more slowly, and shows either that there is not enough water injected, or that some 
other impediment interferes with the due performance of the condenser. 

9. Dynamometers are occasionally used to measure the force exerted by engines. 
Some of these, as Morin’s dynamometer, record by diagram on paper the work done 
in dragging a load or driving a shaft, 

Dor testing the power of the smaller class of engines, a very useful and convenient 
apparatus consists of a pulley mounted in suitable framework, and driven by the 
engine. 

A flexible break is applied round a considerable portion of the circumference of this 
pulley. Weights are hung on the break-strap to produce friction. These are 
adjusted until the foiction of the break becomes equal to the power expended in 
turning the pulley at any assigned uniform velocity. In that case the weight is kept 
in equilibrium, neither rising nor falling, and thus measures the work done by the 
pulley : that weight being equal to a weight of the same magnitude lifted vertically 
through the space described by the circumference of the pulley. 

SECTION- XV.— HOW THE HEAT IS PEODTJCED BY WHICH STEAM IS MADE. 

1. The cylinder, piston, beam, connecting rod, crank, and fly- wheel, are, like all 
^other pieces of mechanism, mere contrivances by which mechanical force is trans- 
mitted and modified. There is nothing in them by which mechanical force can be 
produced. Once at rest, at rest they would for ever remain, unless some motive 
' power were applied to them. 

2. This moving power, as we have already described, is derived from the physical 
phenomena which are exhibited when water is converted into steam ; but even the 
water in this case cannot properly be regarded as any more than an instrument by 
which the mechanical agency of the heat is developed. Heat, then, is the prolific 
parent of the vast powers of the steam engine, and it is of tbe utmost practical 
importance to comprehend fully how this heat can be produced and applied with the 
greatest economy and efficiency. 

8. This will lead us to the consideration of those properties of combustibles on 
which the production of heat depends, and the construction of the furnaces and 
boilers by means of which its application and transmission are effected. 

^4. StK.odHfbnstibles nnwersally used in the furnaces of steam engines are either 
pit-coal, The former are used almost invariahly iu Europe ; the latter 
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is Tised in America, except in particular districts where coal is advantageously 
attainable. 

5. The constituents of coal are chiefly carbon and a gas called hydrogen, combined 
occasionally with a small proportion of sulphur and incombustible matter. 

6. In the process of combustion, the carbon, the hydrogen, and the sulphur com- 

bine, with the oxygen gas, which is a constituent of the atmosphere, and other products 
are formed. In this combination a qiuantity of heat is developed. The incombustible 
constituents drop from the grate, and are left in the ash-pit. The goodness of coal 
depends in some degree on the small pi*oportion of incombustible anatter which it 
contains. ' ■ . . ■ . , 

7. The proportion of carbon contained in coal varies ; in good coal it is seldom less 
than 75 per cent, of the whole, sometimes considerably more. 

8. Hydrogen cannot be said to enter as a constituent of coal in its pure and simple 
form : it is always combined with a portion of carbon, and is the gas called carburetted 
Ji^drogeny being that which is commonly used for the purposes of illumination. This 
gas may be expelled from coal by exposing the latter to heat, by which means the gas 
expanding, escapes from the coal, and may, if required, be collected in proper 
reservoirs. This process, applied to the coal, is called coking ; and it is in this 
manner that the gas is collected in gas-works for the purposes of illumination. 

9. The proportion of carburetted hydrogen, the element which, produces flame, 
varies in different sorts of coal. The more bituminous sorts, such as the coking coals 
of Northumberland and Durham, generally have a considerable proportion ; the heavy 
coal called stone-coal, obtained in some of tbe coal-fields of Wales, Pennsylvania, and 
elsewhere, has very little. 

Carbon burns without flame, the product of its perfect combustion being the gas 
called carbonic acldf which escapes from the fuel in a very heated state. 

10. These are the general effects of combustion ; but for the practical purposes of 
art something more must be learned. We must ascertain with some degree of 
precision the quantitative proportions in which the various elemente concerned in the 
phenomena are present. 

11. To begin, then, with the chief ingredient of ah combustibles,— -carhon,— 

This substance, when heated to a temperature of 700® or SOO®, equal to that of 

red-hot iron, will enter into chemical combination with the gas called oxygen ; the 
result of this combination will be another gas called carbonic acid. In forming this 
combination a large quantity of heat, previously latent in the carbon and the oxygen, 
is rendered sensible, and is developed in two ways : 1st, in rendering the remainder 
of the carbon incandescent, or white-hot ; and, Snclly, in raising the temperature : of 
the carbonic acid which has been produced to a very high point. 

12. Prom the luminous or incandescent carbon the heat escapes by radiation, 
according to the same principles and laws that govern the radiation of light. That 
portion of it which is carried off by the cax'bonic acid may be taken from such gas by 
placing in contact with it any surface which is a good conductor o' heat, such as metal ; 
the heat of the gas- will be imparted to the metal until the temperature of the metal 
and the gas be equalised. 

13. But it is necessary to know the quantity of oxygen gas which is requisite to 
combine with the carbon. 

It is found that a pound of pure carbon will enter into combination with 31 cuhic 
feet of oxygen at the ordinary temperature and pressure of the air, the result of the 
combination being 31 cubic feet of carbonic acid, this being supposed to be reduced 
to the same temperature and pressure. But as the temperature of the carbonic acid, 
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at tte momeat of com’bmation, is very much elevated, it will then have an enlarged 
volume. 

Id, Common combustion, however, is maintained not by an atmosphere of pure 
oxygen, but by that of the common air. 

15. Common air is a mixture of oxygen and azote, in the proportion, by measure of 
1 to 4 , — 5 cubic feet of^common atmospheric air containing but 1 cubic foot of 
oxygen. To obtain 31 cubic feet of oxygen, therefore, we must necessarily have 5 
times 31 or 155 cuMc feet of common air. 

16. Supposing, then (which is, however, in practice, not the case), all the oxygen 
contained in the atmospheric air supplied to the fuel in combustion to enter into com- 
bination with such fuel, it would he necessary to supply 155 cubic feet of atmospheric 
air for every pound of carhon consumed. 

17. The result of this comhination would be the production of 31 cubic feet of 
carbonic acid, formed by the comhination of the oxygen of the atmosphere with the 
carbon, and 124 cubic feet of azote, which would he mixed with the carbonic acid so 
produced. This volume of mixed gases would escape from the fuel at a very high 
temperature, and would in this state pass into the chimney. 

18. Hydrogen gas combines with 8 times its own weight of oxygen, and the result 
of the combination is water, or, more properly speaking, steam ; for it is rendered 
into tbe vaporous form by the great heat developed in the combustion. 

19. We have stated that a small proportion of sulphur is present in most sorts of 
coal. In bximing, this produces sulphurous gas. It is inefficient as*to its heating 
power, and insignificant in its quantity, but most injurious in its effects on boilers. 
Coal, therefore, having much of this element should be avoided in steam boilers. 

20. To maintam the fuel in combustion, it is then evident that it must he continu- 
ally supplied with atmospheric air. The rate of this supply will depend on the ra- 
pidity of the combustion which is required, and the quantity and quality of the fuel. 
The fuel is spread on a grate, between the bars of which the air which sustains the 
combustion is admitted. In passing through the fuel, the air enters into combination 
with it, and the gases resulting from the combustion, including uncomhined oxygen 
and the azote of the atmospheric air, which last plays no part whatever in the com- 
bustion, issue together into the upper part of the furnace, all having a very high tem- 
perature : these proceed to the chimney, which they soon fill with a column of heated 
air, the buoyancy of which makes it ascend into the atmosphere, and the vacuum it 
leaves behind it draws a fresh portion of air through the grate bars, and so the com- 
bustion is continued. 

21. The azote, which forms so large a constituent of atmospheric air, has qualities in 
relation to combustion merely of a negative kind ; it does not either check or stimulate 
it. Thus, as a supporter of combustion, the atmosphere'may be considered as diluted 
oxygen, the azote having the same effect on the particles of the oxygen as water would 
have upon a strong spirit mixed with it. 

22. In what has been just explained, the calculations are based upon the supposi- 
tion that every particle of oxygen contained in the atmospheric air, urged through 
the burning fuel, enteis into comhination with it. Now this is not and cannot be the 
case, even in the most approximative sense j and therefore, to complete the combustion 
of the fuel, a much greater quantity than 155 cubic feet of atmospheric air for a pound 
of carbon consumed must be drawn through the fire. The exact quantity which is 
necessary is not capable of calculation, for it depends on circumstances which vary 
with form and structure of the grate and the mode of working the furnace. 

23. It ■vsdUs.he understood that when the fuel is laid in a stratum more or less thick 
upon the grate, when rapid currents of air are ascending through its interstices, 
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a (iTiantity of tlie fuel, always existing in the state of powder or small dust, will be 
carried iipwards by the current, nnbnrned. 

24. Besides this, as the beat expels the hydrogen gas from the interior of the coal, 
minute particles of the coal itself escape with the current, and rise above the fuel. 
Much of this is also unburned, or, to speak scientifically, unoombined with oxygen. 
It is this minute powder or dust, uncombined with oxygen, that forms wbat is called 
smoke. The gaseous products of combustion, properly so called, have not the cloudy 
and opaqite appearance wbicb characterises smoke. This smoke, then, is unconsumed 
fuel, and to whatever extent it is produced, it escapes into the chimney, and is a 
source of w’aste. It is clear, then, on the grounds of economy, independently of 
sanitai'y considerations relating to the neighbourhood of the engine, that the quantity 
of fuel, more or less, thus escaping, should he arrested and burned before it reaches 
the chimney. 

25. Yario us methods have been adopted in furnaces for accomplishing this object. 
Such arrangements are denominated smoke-consuming furnaces ; but very simple and 
obvious arrangements may be adopted in the mode of feeding common furnaces, which 
will have the effect of consuming the smoke. 

26. If the heated gases proceeding from the fuel, passed directly to the chimney, 
they would carry with them a much greater quantity of heat than would be necessary 
to maintain the draft, and thus a portion of the heat developed by the fuel would be 
lost. To prevent this, the heated air and flame which escape from the fuel, instead 
of passing directly to the chimney, are conducted through passages of gi^ater or less 
length in contact with the boiler, and made to impart a portion of their heat to the 
water before they enter the chimney. These passages are called fiues, and are very 
variously constructed, according to the form, magnitude, and application of the 
boiler. 

27. In some boilers the flues are made to wind round them, the external part of 
the flues being made of brickwork, which, being a had conductor of heat, takes but 
little from the heated air and flame. 

28. The shape and proportions of boilers are so adapted as to accommodate them 
to such systems of flues. The great object is to adopt such airangements as shall 
secure the transmission to the water of all the heat developed in the combustion of 
the fuel, except such portion of it as may be necessary to maintain a sufficient draft 
in tbe chimney. 

29. The boilers most commonly used are cylindrical. Oylindrical boilers are 
generally long in proportion to their diameter, and their ends are often splierical. 
This shape is highly conducive to strength, but in some cases their ends are 
made flat. 

30. In cylindrical boilers the furnace is generally placed within the boiler, in a 
large tube which extends from end to end of it. In one end of this tube is placed 
the grate, and the remainder of it forms a flue. By this arrangement, all the heat 
which radiates from the fire, and even from the ash-pit, acting upon this internal 
tube, is communicated to the water. The heated air, travei'sing the tube to the 
remote end, imparts its heat to the water by this means. Flues circulate round the 
outside in the same manner as in the waggon boiler. 

31. Internal flues have the advantage of imparting more of the heat to the watei*. 

32. In some forms of boilers, tbe grate being constructed at one end, the flame and 
heated air, instead of passing through a. single internal flue traversing the length of 
the boiler, are distributed among three or more similar tubular flues. 

33. This subdivision of flues by the multiplication of the number of tubes, and the 
diminution of their magnitude, is carried to an extreme in locomotive boilers, in 
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wMcIi. from 100 to 200 tute, not moretlian 2 indies diameter, trayerse tlie length 
of the boiler, and divide the flame and heated air into a mnltiplicitj of small threads 
so as to enable the Tvater to deprive them of their heat. 

34. With these a system of returning flues becomes unnecessary, the reduction of 
the temperature being completely effected in traversing the boiler once. 

35. In some arrangements the flame and heated air passing from the furnace enter 

number of narrow upright cells, placed parallel to each other, and traversing the 

length of the boiler : arriving at the remote end, another tier of cells, at a superior 
elev^ation, is provided, by which they return. ^This is most commonly the expedient 
adopted in marine boilers, 

36. The multiplicity and complexity of flues, whatever be their form, have the 
double disadvantage of increasing the cost of the boiler and diminishing its strength. 
They are therefore only resorted to in cases in which circumstances exclude a great 
magnitude and weight of boiler, such as in locomotive and marine engines. In the 
boilers used in land engines, the requisite evaporating power can be obtained with 
more simple expedients, by merely augmenting the bulk of the boiler. 

3-7. The two great objects which are to be attained are — rapidity of evaporation 
and economy of fuel. . 

38. The evaporating power of the boiler will depend (other things being the same) 
upon the extent of surface which it exposes to the action of the fire, the flame, and 
the heated air. This surface is technically divided into fire surface and flue surface, 

39. By fire surface is meant all that surface of the boiler upon which the radiant 
heat of the furnace acts. 

40. The flue surface, as the , words import, is that portion of the surface of the 
boiler in contact with which the flame and heated air proceeding from the fire pass 
before they issue into the chimney. This surface is usually of considerable length, in 
order that the flame and heated air may be detained in contact with the boiler until 
they have been reduced to a temperature not greater than is necessary for the 
draft. 
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41. Whatever be the length and arrangement of the flues, it is indispensably 
necessary they should always he below the level of the water in the boiler, for 
otherwise the heat would be imparted to the metal of the boiler without being trans- 
mitted to the water. Steam is a sluggish recipient of heat, and metal in contact with 
it might hecome red-hot while the steam itself will remain at a comparatively low 
temperature. 


This would accordingly he the case if the fire or flame acted upon any part of the 
metal of the boiler which has not water within it. 

42. In the economy of steam power, an object of capital importance is to protect 
the machinery from every cause by which heat can he consumed in any other way 
than in converting water into steam. A great variety of expedients have accordingly 
been adopted for this purpose, differing from each other in their effects, according to 
the circumstances in which the machinery is worked. 

43. A boiler being a mass of metal of extensive magnitude, raised to a very 

elevated temperature, and which is naturally a good radiator of heat, a con- 
siderable quantity of heat would be lost by the mere radiation from its surface. The 
obvious remedy for this is to surround it by some material which is a had conductor 
'.of, heat.. . ■ ' ■ ■ ■ . .. 

44. One of the most effectual substances for this purpose is common sawdust : 
tnis is aajordingly applied with great effect in cases which do not exclude its use. 

45. • The boiler and its appendages are surrounded by a thick casing, stuffed with 
sawdust, and so completely does tins expedient answer the purpose, that the boiler- 
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room of a Coraisli engine, where this arrangement is applied, is often the coolest place 
that can he fonnd, 

46. In marine and other engines, a coating of patent felt is often nsed with advan- 
tage : hemp and other hhrons and woollen substances may he resorted to. 

47. Locomotive boilers are cased in wood, which is a tolerable non-conductor. The 

cylinders of large stationary engines are also frequently cased in wood. The steam 
pipes and other parts of the machinery containing steam are wrapped with tow or 
other similar substances. , 

48. By these means the loss of heat by radiation may be reduced almost to 
nothing. 

49. Where fuel is used which burns with little or no flame, such as stone-coal or 
cohe, the chief effect is produced by the radiant heat, and comparatively small effect 
by the heated air. In such cases the fire surface should bear a large proportion to 
the flue surface. In all cases the fire surface, being more active in proportion to its 
extent than the flue surface, is more liable to wear by intense heating. It may be 
said, that as the surface of the metal cannot rise to a higher temperature than that of 
the water within, and as the entire mass of the water within must be maintained at 
an uniform temperatoe, the fire surface cannot rise above the general temperature of 
the mass. . This would be true if the boilers and furnaces were worked by a moderate 
system of combustion, the fuel being consumed very gradually, and the heat developed 
slowly, so that a fierce action should not take place on any part of the boiler. Such 
is the case, for example, in the boilers and furnaces of tbe Cornish engines, where 
space is a matter of little importance, and the economy of fuel pushed to its extreme 
limit ; but in other cases these advantages must be sacrificed, and a combustion so 
intense maintained in the furnaces that the fire surface becomes heated to a higher 
temperature than the water in contact with it, and to a much higher temperature than 
the fine snrface. The formation of steam in contact with the fire snrface is so rapid 
that its hubbies do not escape to the surface quick enough to keep the metal in 
continual contact with water. 

60. The metal, therefore, is momentarily out of contact with water, and has a 
tendency to become overheated. 

51. It is true that upon the escape of the steam bubbles just formed the liquid will 
again wash the metal and lower its temperature, hut still this effect is such (in the 
case, for example, of locomotive engines and sometimes of marine engines), that the 
fire surface is exposed to much more rapid wear hy temperature than the flue 
surface. ■ 


SECTION XYI. — HOW THE DHAPT THEOUGH THE EUENACE OF A STEAM ENGINE 
„ IS, MAINTAINED. , 

1. The most common method of effecting this is by the ordinary expedient of a 
chimney. 

2. When the products of combustion are allowed to flow through a chimney of 
sufficient height, the vertical column of heated air thus formed has a certain buoyancy 
or tendency to ascend into the atmosphere, proportional to the difference between its 
weigbt and the weight of an equal column of common air. This difference will be so 
much the greater as the column has greater magnitude and height, provided only 
that every part of it shall be, bulk for bulk, lighter than air. Hence obviously 
follows the necessity of a chimney in creating a draft, whether through the furnace of 
a steam engine or in any ordinary manner. 

3. In stationary engines, as used in the arts and manufactures, chimneys of any 
desired magnitude can generally be attached to the engine. It is not necessary that 
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the cHmiiey slioTild be immediately over or contiguous to tbe furnace; it may be 
placed at a considerable distance from it, provided only it be connected with it by tbe 
proper air passages. THs is often a matter of convenience in factories, and we 
accordingly see tbe cMmney frequently erected at a considerable distance from tbe 
boilers and furnaces. 

4. But in numerous applications of tbe steam engine it is not practicable to use 
chimneys of such elevation, or so placed, and in some cases tbe tube provided for tbe 
escape of tbe products of combustion must necessarily be so short as to afford no draft 
of appropriate amount. 

5. Such is tbe case, for example, in locomotive engines : in marine engines this is 
to some extent also true,— tbe cbimney must be comparatively short. 

6. When sufficient lengiffi of chimney is not admissible, we are compelled eitber to 
throw in the gases of combustion at a very high temperature, so as to mahe up for 
want of height in the column, or to adopt “some other expedient for creating a draft. 

7. A wheel is sometimes placed in the flues where they enter the cbimney, by the 
revolution of which the gases are driven up the chimney with a force proportional to 
the velocity with which the wheel revolves. This expedient is similar to a sort of 
bellows commonly used for domestic purposes, and is called a fanner^ and sometimes 
a Mower. A portion of tbe power of tbe engine is borrowed to beep this wbeel in 
motion. In this way an upward current is maintained in the chimney of any required 
power, and the necessary draft sustained through the furnace. 

8. Another expedient is nsed in locomotive engines, and may always be resorted to 

where steam of high pressure is used. This consists of a je% or, as it is technically 
called, a which is placed at tbe base of the chimney, and presented upwards. 

A portion of the steam received from the engine is allowed to escape by puffs, or even 
in a continued stream, through this pipe, and being directed up the chimney, creates 
the necessary draft. 



SECTION xvn.^ — HOW THE MECHANICAL VIRTUE OF FUEL IS ESTIMATED AND 

EXPRESSED. 

1. In explaining the mechanical effects of steam, it has been already shown that 
whatever he the purpose to which the force of a steam engine is applied, its effect 
may always be represented by a certain weight raised a certain height. 

2. Whether an engine be employed to drive a mill-wheel, to propel a ship, or to 
draw a carriage, the tension or resistance to he encountered at tbe working point may 
he universally represented by an equivalent weight. 

3. Thus it is easily understood, if a locomotive engine draws a train of carriages, that 
tbe tension of the chain wbicb connects the engine with the train will be tbe same as 
if tbe same chain, in a vertical position, bad a certain weight suspended to it ; and 
tbe same will be true, whatever be tbe nature of the resistance to tbe moving power, 
or the manner in which this moving power may be applied. 

4. It has been usual also to express the mechanical efficacy by the number of 
pounds raised one foot ; for whatever be tbe resistance, and whatever be tbe space 
through which the moving power acts upon it, the effect can always be reduced, as 
has been already explained, to an equivalent number of pounds raised one foot. 

5. The medbanical virtue of coals, thus explained and applied to a steam engine, 

has been technically called the duty of the fuel. Thus a bushel of coals consumed in 
the, furna^ of an engine will enable such engine to exert at tbe working point a 
meriianical effect equivalent to a certain number of pounds raised one foot high : this 
effect is of the furi, or, as is sometimes said, tbe duty of tbe engine. 

by 
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the fuel in producing evaporation, for a portion of the mechanical power of the steam 
evolved in the boiler, and in some cases a very large portion of it, is expended in 
moving the machinery of the engine itself : all such portion is intercepted therefore 
between the furnace and the working point. The duty, properly speaking, is the net 
mechanical force developed by the steam, or such portion only as is available for 
the work to which the engine is applied. 

7. The duty of engines varies within very wide limits, according to the purpose to 
which they are applied. In this respect engines may he reduced to three classes : — 
1st, Such as are used in the mining districts of Cornwall ; 2ndly, The stationary 
engines used in the manufactories generally, in which class may also be included 
marine engines ; Srdly, Xocomotive engines on railways. 

8, In the Cornish engines, where very accurate observations are made on the 
mechanical effect produced, and on the economy of fuel, it has been found, in some 
cases, that by the combustion of a bushel of coals an effect has been produced by the 
engine equivalent to 125 millions of pounds, or, what is the same, 62,000 tons raised 
a foot high. This, however, is not to he undetstood as an average result. In pro- 
ducing it, the utmost care was taken to guard against every source of waste of power. 

0. The more common duty obtained from a well-managed engine used in the mining 
districts has been from 80 to 90 millions of pounds, or at the rate of one million of 
pounds raised one foot for every pound of coal consumed, — a result remarkable 
enough in itself, and easily remembered. 

10. In the ordinary stationary engines belonging to the second class, where the 
same scrupulous attention to economy cannot be or is not paid, the duty, according 
to the commonly received estimate, is, in round numbers, about 20 millions of pounds 
for a bushel of coal, being four times less than that of the good Cornish engines, and 
six times less than the duty which has in certain cases been obtained. 

11. In the locomotive engines worked on railways the economy of fuel is little if at 
all less than that of factory engines. 

12. The great economy obtained in the engines used in Cornwall is the result of a 
variety of contrivances, some of which, such as the protection of the machinery from 
radiation, have been already mentioned. The boilers are constructed of extraordinary 

:: magnitude, in proportion to the power expected from them ; the furnace is of propor- 

tionate size ; the combustion is slow j tbe heating surface is very extensive, and the 
intensity of heat upon it very slight ; the flues are of great length, and the heated air 
is not permitted to escape until the last available portion of heat has been extracted 
from it ; the fuel is managed in the furnaces with the most extreme care, the com- 

I hustion being perfect. Added to all this, the steam is used at a pressure of from 

35 to 50 pounds per square inch above the pressure of the atmosphere, and the 
expansive principle extensively applied. 

13. In giving these last estimates of the duty of fuel in the engines used in the 
manufactnres generally, it is right to observe, that owing partly to the diffculty of 
ascertaining the actual mechanical effect produced, and partly to the negligence of 

; proprietors of engines, the estimates of duty are of the most loose and inaccurate 

description. "When an engine is applied, as is generally the case in Cornwall, directly 
to the elevation of water or other heavy matter, it is easy to observe the mechanical 
effect it produces ; hut when an engine is applied to give motion to the works of a 
factory, to drive spinning-frames, power-looms, or printing-presses, it is not so easy a 
matter to reduce the effect it produces to an equivalent weight raised a given height. 
In the case of locomotive engines the same difficulty ought not to exist j yet it is sur- 
prising that for a considerable period grave errors prevailed respecting the real 
mechanical effect produced by these machines. It was, for example, long assumed as 
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a maxim, tlaat the resistance offered by a given train of carriages to a locomotive 
engine was independent of the speed, or, in other words, the same at all speeds. 
This error was not brought to light until the year 1838, v/hen it was demonstrated, 
by a series of experiments conducted by me, that the resistance was augmented in a 
very high ratio with the speed. 

SECTION XVIII, — HOW THE TOWER OF AN ENGINE IS ESTIMATED AND EXPRESSED, 
AS DISTINGUISHED FROM ITS DUTY. 

1. The duty, as we have seen, is the practical effect produced by a given weight of 
coal, without reference to time. Thus, whether a bushel of coal raises 20 millions of 
pounds a foot in one hour or in ten hours, the duty of the engine is exactly the same. 
But the jpoirer of the engine is quite different. 

2. Thejpotoer of the engine is estimated by the mechanical effect it is capable of 
^Todming in a ffive7i tinie* 

When steam engines were first brought into use, the work to which they were 
applied had been previously done by horses who worked the mills. It was convenient, 
therefore, and indeed indispensahle, to express the mechanical capabilities of these 
machines by declaring the number of horses which one of them would supersede ; and 
hence the term, now so general, came into use. At first this expression 

had but a vague signification, and was understood by the manufacturers and capitalists 
who intended to employ the steam engine in the literal sense of the actual number of 
horses whose expense would be saved to them by it. But after the engine had com- 
pletely superseded horses in the arts and manufactures, and it became necessary to 
express its effects with greater precision, instead of abandoning the term horse-power, 
an arbitrary signification was given to it by Watt, which it has since retained. The 
word horse-power, then, as applied to the steam engine, means the capahility of the 
engine to produce a mechanical effect per minute equivalent to 33,000 pounds raised 
one foot. 

3. Thus an engine of 10 horse-power means one which in working is capable of 
producing a mechanical effect per minute of 330,000 pounds raised one foot, or an 
effect per hour equivalent to 20 millions of pounds, very nearly, raised one foot. 

4. When a steam engine is declared to he of such or such a horse-power, the 
expression must be understood in a qualified sense. Thus it is assumed that the 
furnace is worked in a certain average manner, and that a proportional evaporation 
takes place in the hoiler. An engine whose nominal power is that of 100 horses may, 
by urging the furnace in an extraordinary manner, be made to produce an effect much 
greater than that of its nominal power ; or, on the other hand, hy keeping the furnace 
low, it may be, and frequently is, worked considerably under its nominal power. In 
the same engine, consequently, the power may vary throiigh a wide range according 
to the pressure at which the steam is worked, and to the rapidity at which it is 
generated. 

SECTION XIX. — THE DIMENSIONS OF THE BOILER AND FURNACE NEOESSSARY FOR 
AN ENGINE OP GIVEN POWER. 

1. The technical rules adopted by engineers for the proportion of engines corre- 
sponding to any required power, are generally understood as apifficable only to the 
second class of engines enumerated already, namely, those generally used in the manu- 
factories and in steam navigation. 

2, - The’ Oorni^ engines on the one hand, and locomotive engines on the other, are 
excepl^n^/^feeeanes, each being worked in a manner peculiar to itself. In the one, 
much larger ^inaiaMons:^ allowed for the production of a given power, the action 
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of tlie furnaces being’ of low intensity ; wHle in tbe other, the dimensions producing 
a given power are nmcli smaller^, and the consequent action of tlie furnaces much 
more intense.', ■ 

Wiiat we shall therefore state here will be understood to have reference to the 
second class of engines above mentioned. 

3. In Calculating tbe mechanical force developed in the evaporation of water, we 
have seen that one cubic inch of water, converted into steam, produces a mechanical 
force sufficient to raise a ton weight a foot high. It would therefore follow that to 
raise 2 millions of pounds a foot high, would require the evaporation of 1000 cubic 
inches of water. But this calculation refers to the entire mechanical force developed 
in the evaporation. A portion of this force is, however, expended in moving the 
engine itself, and is wasted in various ways before it roaches the working point ; and 
it is customary for engme-makers to allow for tins from 35 to 45 per cant, of the entire 
mechanical force developed in the evaporation. Now since there are 1728 cubic inches 
in a cubic foot, it follows that, by such an allowance for waste of power, the net effect 
of a cubic foot of water evaporated per hour would be one nominal horse-powar. 

4. Such is the general usage of boiler-makers, but it would be most erroneous to 
assume that this usage is based upon even a loose calculation ; there can be no doubt 
that the power expended in waste and uncondensed steam, and in moving the engine 
in any tolerably managed machine, must be considerably less than this. The error, 
however, lies on the safe side ; it is better to have superfiuous boiler-power than a 
stint of steam, A boiler having more evaporating power than is needed, can always 
be worked as much under its power as may be desired; but when an engineer is 
obliged to push a boiler above its legitimate power, both waste and danger ensue. It 
mnst not therefore be assumed, as has been done by some writers, that engine-makers 
adopt these rules from ignorance. Although they do not in general seek for an accu- 
rate knowledge of the amount of power expended in moving the engine and in waste 
steam, they are nevertheless fully aware that the allowance they make is greater than 
its amount ; and in the absence .of such exact knowledge, it is clear they are right in 
adopting an excessive estimate. 

5. From what has been stated, therefore, it follows that for every horse-power 
which the engine is expected to exert, a power of evaporating a cubic foot of water 
per hour is provided in the boiler. 

6. When the term horse-power is applied, therefore, to boilers, in reference to their 
capability of evaporation, it is to be understood as indicating the evaporation at the 
rate of a cubic foot of water per hour : thus, by a boiler of 50 horse-power is to be 
understood a boiler capable of eva||iorating 50 cubic feet of water per hour, thefur- 
naces being wmrked in the ordinary way. 

7. The magnitude of the grate and the extent of heating surface necessary to pro- 
duce a given rate of evaporation vary more or less in different engines, and according 
to the practice of different engineers ; hut still, in common engines used in the arts 
and inanufactures, there are average standards which it is useful to know. 

8. Thus it is generally agreed that the dimensions of the grate necessary for 
a boiler of a certain power should be regulated by allowing a square foot of grate sur- 
face for every horse powor in the boiler. Thus it follows, that as much fuel is con- 
sumed per hour upon a square foot of the surface of the gi'ate as is necessary and 
sufficient to evaporate a cubic foot of water. 

9. The dimensions of the surface of the boiler exposed to the action of heat, 
whether by radiation or by the contact of heated air in the flues, is generally esti- 
mated at the rate of 15 square feet for a horse-power. Thus a boiler of 60 horse- 
power would require a heating surface of 7 50 square feet. 
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10. These are not only average standards from which xndmdnal boilers and fur- 
naces of the class we more particularly refer to vary more or less considerably, but 
they are altogether inapplicable to the two extreme classes of boilers,—- the Oornish 
on the one hand, and the locomotive on the other. 

11. In the Cornish boilers a slow combustion is maintained on the grates, and 
although the fuel is placed upon them in a thicker layer, the intensity of the heat from 
a given surface is considerably less than in the ordinary boilers. Accordingly, for a 
given rate of evaporation, at least double the extent of grate surface is allowed. We 
find, therefore, that two square feet are given for every cubic foot of water per hour 
to be evaporated. 

12. In like manner, as in these boilers tbe heat acts with less intensity on a given 
surface of the boiler, a proportionally greater heating surface is necessary to produce 
a given lute of evapoi*ation. In these cases a still greater departure from the common 
holler is necessary ; and instead of 15 square feet being allowed for a cubic foot of 
water pei' hour evaporated, we find 4 and 5 times this surface given. 

13. The fiameand heated air are also made to traverse a much greater length of 
flues before they enter the chimney. 

14. The locomotive boiler is in the other extreme. Instead of one square foot 
of grate surface evaporating one cubic foot of water per hour, it usually evaporates 10 
cubic feet. As the heat developed in a given time may be taken as nearly propor- 
tional to the water evaporated, it follows that the calorific action of a square foot of 
the grate of the locomotive is 10 times that of a square foot of the grate of a common 
stationary engine, and 20 times that of a Cornish engine, 

15. The intensity of the combustion maintained in the furnaces of locomotive 
engines may be thus in some measure conceived. 

The splendour of the burning fuel in these furnaces is sometimes so intense that it 
impresses the eye with the same pain as is sustained in looking at the sun. 

16* The Cornish boilers, which differ so extremely in their mode of operation and 
effects from the locomotives, resemble them nevertheless very closely in their form. 
Both are cylindrical, and the flues in both consist of metal tubes, traversing the 
length of the boiler. In the Cornish boilers the tubes are of iron, and of consider- 
able diameter. In the locomotive boilers they are usually of brass, and very small in 
diameter, 

17* The diameter of the Cornish boilers is usually about ^th of their length. 
Where great power is required, it is found more convenient to use two or more 
boilers than one of larger dimensions. A common proportion for these boilers is from 
86 to 40 feet of length, and from 6 to 7 feet in dipaeter. The locomotive boilers are 
usually from 8 to 10 feet long, and from 34 to 4 1 feet in diameter, 

18, The common published reports of the consumption of fuel are usually given by 
expressing the weight of coal consumed per hour per horse-power ; hut unless it be 
ascertained that the real working powei' of the engine and the consumption of fuel are 
equal to and do not exceed its nominal power, such reports lead to erroneous conclu- 
sions. The common allowance of fuel for stationary engines and marine engines, 
when working to their full power, is 10 Ihs. per horse-power per hour. The consump- 
tion, however, is undoubtedly less than this when the engines are properly constructed 
and carefully worked t 7 and 8 lbs. per horse-power is a very common consumption 
for well-managed engines. In the Cornish and other engines worked expansively, the 
consumption has been reduced as low as 3 to 4 Iba, per horse-power per hour. 
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SECTION XX.— WHAT DIMENSIONS OF THE CYLINDER AND OTHER MACHINERY 

1. Nothing can be more vague, uncertain, and arbitrary, than the older rules 
adopted by engineers in reference to this problem. It may be truly stated that every 
engine-maker has his own standards, to which he attaches invariably as much infal- 
libility as if this mechanical problem were capable of as certain and demonstrative 
solution as a problem in common geometry. 

2. It will be obvious, on the slightest consideration, that the magnitude of the 
cylinder and piston necessary to produce a given working power must depend on the 
pressure of the steam after it enters the cylinder and the velocity with which the 
piston is driven, the degree of perfection of the vacuum on the other side of the 
piston, and the extent to which the expansive pi'inciple is introduced. In general, 
however, it has been the practice to apply the calculation to low-pressure engines, 
that is to say, to those in which the steam, after it enters the cylinder, has not a 
pressure exceeding the atmosphere by more than 7 Bs. per square inch, and in which 
the piston is supposed to move at the average rate of 200 feet per minute. These 
conditions being assumed, and a good vacuum being sustained in the condenser, 22 
square inches of the piston are allowed for every nominal horse-power of the engine. 

3. Where these rules are observed, the nominal power of an engine may always be 
obtained by dividing the number of square inches in the surface of the piston by 22 ; 
or, which is the same, by dividing the square of the diameter of the piston, expressed 
in inches, by 28. 

4. Again, if it be required to find the magnitude of the piston necessary for an 
engine of a given power, it is only necessary to multiply the number expressing the 

1 power by 28, and the square root of the product will be the diameter of the piston. 

5. It must he carefully observed, however, that such rules are only applicable so 
long as the piston moves with the above velocity, and is urged by low-pressure steam 

[!> '■ at the above rate. '■ 

6. Indeed, it may he observed generally that the mode of expressing the mechanical 
capabilities of engines by horse-power frequently leads to most erroneous conclusions, 

and it has lately been accordingly much discontinued among engineers and scientific «■ 

! men. In locomotive engines it is not applied at all; nor, indeed, in the Cornish engines. 

7 * The proportion of the diameter to the stroke of the cylinder, as its length is 
called, varies very much according to the purposes to which the engine is applied. 

In marine engines, for example, where the cylinder has a vertical position and the 
engine is stinted in height, the stroke very little exceeds the diameter. In stationary 
land engines the proportion of the diameter to the stroke is frequently that of 1 to 2. 

8. The dimensions of the air-pump, condenser, and other parts of the engine, bear 
a certain proportion to those of the cylinder, which are but little departed from by 
engine -makers. 

9. Thus, the air-pump has usually half the stroke and half the area of the piston, 
and consequently its capacity is a quarter of that of the cylinder ; nevertheless, some 

; engineers maintain that a larger proportion of air-pump augments the efficiency of the 

■■machine. 

I SECTION XXI. — HOW THE INTERNAL CONDITION OF THE BOILER AND ENGINE IS 

RENDERED EXTERNALLY MANIFEST. 


1. To enable the engine-man to maintain the boiler and machinery in a state of 
efficient operation, it is necessary that he should he at all times informed of their 
internal condition, A class of contrivances for indicating this has therefore exercised 
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the inTeBtion of those to whom we are indebted for the improvement of this depart- 
ment of mechanical art. 

2. One of the most obvious circumstances attending the internal condition of the 

boilerj which it is necessary that the engine-man should at all times know, is the 
quantity of water in it. If the level of the water get below the flues, the boiler incurs 
the danger of becoming red-hot, and bursting ; if the level of the water be too high, 
tbe steam room in tbe boiler becomes insufficient, and the spray of the boiling water, 
mingled with the steam, passes through the steam-pipes into the cylinder, producing 
a waste of heat, and other inconveniences : this effect is called The level 

of the water in the boiler should therefore always be known. 

3. The earliest and most simple contrivance for indicating this is the f/atipre-cod’s ; 
these cocks are two common stop-cocks, screwed or cemented into the boiler, one 
above the point at which the level of the water ought to stand, and the other below 
it. When the water is at the proper level, steam should issue on, opening the one, 
and water on opening the other. If water issue from the upper cock, the boiler is 
too full ; and if steam issue from tbe lower cock, the boiler is too empty. So long as 
steam issues from the upper and water from the lower, the level of the water is at its 
right point, 

4. In boilers maintained in a very violent ebullition, where a highly intense furnace 
is used, the agitation near the surface renders the indication of the gauge-cocks some- 
times uncertain, and another contrivance is either substituted for them, or used in 
connection with them. 

5. If it were possible to have a glass boiler, the level of the water would always be 
visible ; but instead of a boiler all glass, we may have a strong glass plate inserted 
into the side or end of the boiler at the level at which the water ought to stand, and 
through this plate the surface of the water might be seen ; hut the great agitation of 
the water in ebullition would render this observation uncertain ; tbe object is there- 
fore accomplished by the glass water gauge {see Section xxvii. title ^ Glass Water 
Gauge which is a strong glass tube placed in a vertical position outside the boiler, 
communicating at the top and bottom by metal tubes with the interior. The water 
in the boiler enters the lower end of this tube, and the steam enters the upper end ; 
and, by the common principles of hydrostatics, the pressiu-e of the steam in the tube 
and in tbe boiler being the same, the water in the tube will stand at the same level 
as the water in the boiler. 

6. To guard against tbe effects of tlie accidental fracture of tbis tube, stop-cocks 
are usually placed between the ends of it and the boiler, by wbich the communication 
between it and the boiler is cut off at pleasure. When the engine-man desires to 
ascertain the level of the water in the boiler, he opens both tbe stop-cocks, but at 
other times it is more prudent to keep them closed, 

7. This expedient has the advantage over the gauge- cocks, inasmuch as it indicates 
the exact level of the water. 

8. Another contrivance used for this purpose consists in a Jloat, formed of a hollow 
casing of metal ; to this is attached a rod which passes through the top of the boiler. 

As the level of the water rises or falls in the boiler, this float rises or falls with it, 
and the rod is pushed upwards or drawn downwards, as the case may be. An index 
of any kind may be attached to this rod, which should play upon a divided scale 
indicating the position of the float and the level of the water. 

9; Another expedient is sometimes used, which consists of a tube let in through 
the lop, of tho boiler, and descending to a point below which the water ought not to 
fall : at the this tube is fixed a steam whistle. 

10, So long as ihe level of the water is above tbe lower end of the tube, a column 
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of water will be sustained in tbe tube by tlie pressure of tbe steam witbin the boiler ; 
but when tbe level subsides below tbe inoutb of the tube, then steam, rushing through 
tbe tube, will issue from the whistle, and produce an alarm which will give notice of 
the want of water in the boiler. 

11. This last contrivance can only be used in low-pressure boilers, where the 
column of water which will balance the steam is not too high. 

12. It is most necessary at all times that the pressure of the steam within the 
boiler should be known, and provision should be made to prevent its exceeding a 
certain limit. This is accomplished by the common safety valve. 

This valve is an ordinary conical valve, placed in the top of the boiler, and fitting 
into its seat so as to be steam-tight. It is loaded with a weight which determines 
the maximum pressure to which the steam is allowed to attain. Thus, if it be 
intended, as in low-pressure boilers generally, that the steam should not exceed 61bs. 
per square inch, then the safety valve is loaded with a weight, regulated insuch pro- 
portion to the magnitude of its surface exposed to the steam, that whenever the 
pressure of the steam exceeds this limit, it forces the valve open, and escapes, until 
the pi’essure is reduced to the proper limit. 

13. The safety valve, however, affords an indication that the pressure of the steam 
does not exceed a certain amount, rather than an indication of what that pressure 
actually is. 

14. The graiigre exhibits the exact amount of this pressure, 

15. The steam gauge most generally used is that called the Bourdon Steam Gauge. 
It consists of a metallic tube, closed at one end, and communicating at tbe other end, 
by means of a stop-cock, with the boiler. The tube is- coiled spirally. 

Any variation in the internal pressure causes a corresponding change in the form of 
the spiral, and these changes are made visible to tbe eye by means of a needle, 
actuated by the tube, and traversing a properly divided dial-plate. 

16. Owing to the obstruction which the steam encounters in passing through the 
steam pipes and valves, its pressure undergoes a greater or less diminution on its way 
to the cylinder. To ascertain the effective pressure, therefore, in the cylinder, a 
steam gauge is sometimes placed upon the steam pipe, as^ close as possible to the 
cylinder. 

17. A custom has been adopted too generally of estimating the pressure of the 
steam in the cylinder by its pressure in the boiler, assuming that between the two 
there is but a slight difference. Nothing can be more erroneous than this. Between 
the pressure of the steam in the boiler and in the cylinder there may be almost any 
amount of difference. If the throttle valve be nearly closed while the pressure of the 
steam in the boiler is very high, the pressure of steam which works the piston may 
be very low ; and, on the other hand, if the throttle valve be nearly open, there may 
not be a considerable difference between the two. 

18^. To calculate, therefore, in general, the effective power of the engine by taking, 
as is commonly done, the pressure of the steam in the boiler, and multiplying that by 
the area of the piston and its velocity, is a most fallacious method. The indicator 
already described may be used to determine the average pressure of steam on the 
piston, and thus the effective action of the piston may be calculated ; or if the actual 
quantity of water transmitted in the state of steam to the cylinder be known, the 
mechanical effect of this can be calculated independently of any consideration of the 
pressure of the steam, or even of the magnitude of the piston. It will, however, be 
necessary even in this case to determine the resistance of the unoondensed steam. 

19. In locomotive engines the pressure of the steam is indicated by a spring steelyard, 
which is made to act upon the safety valve. (See Section xxvii., title Bering 
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Safety Fa?m”) This instrument is in principle precisely the same as the common 
spring steelyards used in domestic economy. A scale is attached to it, upon which an 
index plays, by which the pressure on the valve is expressed in lbs. per square inch. 
The instrument is usually screwed down, so that the valve will only be opened when 
the steelyard indicates a certain pressure. 

20. It is customary, more especially in high-pressure engines, to provide two safety 
valves, one of which shall he removed from the interference of the engine-man. This 
precaution prevents the danger which would arise from the engine-man overloading 
the valve, or from the valve becoming fixed in its seat from accidental causes, which 
sometimes happens. 

21. When a boiler ceases to be worked, and the fire has been extinguished, the 
steam which filled its interior will he speedily condensed, and the interior would 
become a vacuum. In this case a prodigious amount of atmospheric pressui'e, acting 
on the external surface of the boiler inwards, would have a tendency to crush it. 
This contingency is sometimes provided against by a safety valve which opens 
inwards. So long as the boiler is in operation, this valve is kept closed by the 
pressure of the steam ; when it ceases to be worked, it is opened by the pressure of 
the atmosphere. 

22. It is most necessary for the efficient operation of the engine that the state of 

the vacuum in the condenser should be at all times known. For this purpose an 
indicator is adopted, called the forming one of the most important 

appendages of the condensing steam engine. (See Section xxvii., title J3«rome!5er 

This instrument, as its name imports, is a common barometer; hut the top of 
the tube, instead of being closed, is made to communicate with the condenser. The 
atmospheric pressure, acting, as usual in barometers, on the mercury in the cistern, 
presses a column of mercury up the tube. If the vacuum in the condenser were as 
perfect as that which is at the top of the barometric tube, then the column of mer- 
cury in this instrument would stand at exactly the same height as in the common 
barometer ; but as this is never the case, there is a difference of height which is due 
to the pressure of uncondensed steam and air, which, notwithstanding the action of 
the air-pump, will always remain in more or less quantity in the condenser. The 
difference, therefore, between the height of the column of mercury in the barometer 
gauge communicating with the condenser, and in a true barometer placed near it, will 
give, in inches of mercury, the pressure which re-acts upon the piston against the 
steam. , ■ . 

28. In well-managed engines the barometer gauge is seldom more than two inches 
below the true barometer, which would give a pound per square inch for the pressure 
re-acting ou the piston. 

24. If the barometer gauge stand too low, it indicates the presence either ot uneon- 
densed vapour or of air in the condenser. This may arise either from too little or 
too much water being thrown in by the condensing jet. If too little be thrown in, 
the condensation will be imperfect, and uncondensed vapour wull lower the gauge : if 
too much be thrown in, an accumulation of air will he produced faster than the pump 
can remove it, and the gauge will he similarly affected. The adjustment of the jet is 
a matter, therefore, that should he carefully attended to. The cock which governs 
the jet has a handle to which an index is attached, playing upon a divided scale ; and 
a:coordmg to the position of that index, the cock is more or less opened or closed. 
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SECTION XXII.— HOW THE WANTS OF THE BOILEB. AND ENGINE ARE SUPPLIED 
AND HOW THEIR OPERATION IS REGULATED. 

1. If tlie 'WQtk executed by a steam engine were subject to no tariation wbatever, 
tbe rate at wMcb tbe steam should be supplied to the cylinder and generated in the 
boiler would be uniform* also ; and as the production of such steam necessarily beai’S 
an uniform ratio to the development of heat in the furnace, this last would be also 
uniform. The development of heat in the furnace being in direct ratio to the 
supply of air, or, what is the same, the draught in the chimney, it would follow that 
an engine perfectly uniform in its action would require an invariable adjustment of 
tbe fines, an invariable rate of evaporation in the boiler, and an invariable magnitude 
of communication between the boiler and cylinder for the supply of steam. 

2. But in practice it is found that the work to be executed by machinery of this 

kind is subject to more or less variation, requiring a greater or less intensity from 
time to time in the moving powex'. - 

3. This necessitates a corresponding variation in the action of the steam in the 

cylinder. This variation is produced by the throttle placed in the pipe hy 

which steam is conducted to the cylinder. (Seej^^. art. 17.) This valve is a circular 
plate, corresponding neaxdy with the magnitude of the pipe in which it is placed. It 
is so constructed as to turn on an axis which coincides with one of its diameters, and 
its movement is governed by a lever or handle on the outside of the steam pipe. 
When this circular plate is turned so as to present its edge to the current of steam, 
that current is allowed to pass without obstruction to the cylinder ; but when it is 
turned so that its face is presented to the steam, the current is altogether stopped. 
Between these two extreme positions it may have any intermediate inclination by 
which the flow of steam to the cylinder shall be regulated in any desired manner. 

4. Supposing this valve to be adjusted, from time to time, so as to proportion the 
quantity of steam admitted to tbe cylinder to the quantity of work to be done, the 
production of the steam in the boiler will have to be considered. If this production 
be uniform, it must be adequate in quantity to^ the greatest amount of steam at any 
time required by the cylinder, 

5. When less than this is admitted to the cylinder hy the action of the throttle 
valve, an accumulation would necessarily take place in the boiler, and the pressure on 
the safety valve becoming excessive, the surplus steam would blow off. This would 
occasion, of course, a corresponding waste of fuel. The remedy for this would be a 
contrivance by which the rate of evapoi’ation in the boiler can be augmented or 
diminished at pleasure, according to the wants of the cylinder. This will obviously 
be accomplished by any contrivance which will stimulate or slacken the furnace at 
pleasure. Now since the action of the furnace is regulated by the intensity of the 

f draught, exactly as the action of the piston is regulated by to intensity of the steam 

\ admitted to it, the same kind of regulator may be applied to the one as has been 

I applied to the other, A plate called a damper m therefore introducffd at some conve- 

vient point in the flue near the chimney. This plate is generally made like a sliding 
shutter. When it is let down, it stops the flue altogether, and the fire would bo 
extinguished ; when it is drawn up to the limit of its play, the fiue is altogether open, 
and the draught is at its extreme power : between these limits the damper may have 
an indefinite variety of positions, leaving more or less of the flue open, so as to give 
the draught any required intensity. ^ 


6. It is easy to imagine an attendant wox'kbg these two instruments so as to regu- 
late the action of the machinery. When the resistance on the working point is 
lightened, the throttle valve is partially closed, so as to diminish the supply of steam, 
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and at tlie same time tlie damper is partially closed, so as to diminisli tlie dranght ; on 
t lie other hand, when the load on the machinery is increased, the throttle yalve is 
opened, so as to augment the supply of steam and increase the action on the piston ; 
and the damper is raised, so as to increase the intensity of the eomhustion and 
augment the rate of evaporation in the boiler. 

7. It would be obviously desirable that these contrivances, which we have here 

supposed to be regulated at the discretion of the attendant on the engine, should be 
regulated by the wants of the engine itself, so as to he made like the 

valves which regulate the supply of steam to the cj Under. 

8. This is aceordingly aecomplished by very simple and effectual means in low- 
pressure- boilers, to which we more particularly advert at present. A tube is inserted, 
which descends in fhe boiler below the level of the water ; the pressure of the steam 
supports in this tube a column of water of a certain height, and as the pressure of the 
steam varies, this column varies in height. A float is introduced in the tube, and 
supported by this column of water : a chain attached to this float is conducted over 
one or more pulleys, and carried to the damper, which is suspended to it. Now, let 
us suppose the throttle valve either opened or closed, as the case may he. If it he 
opened, the supply of steam passing from the boiler to the cylinder is augmented ; 
the pressure of steam in the boiler is for the moment diminished by this exhaustion ; 
the column of water in the tube falls by reason of the diminished pressure ; tbe float 
supported by it falls with it, and, drawing down the chain, draws up the damper ? 
the draft through the furnace is augmented, the combustion is stimulated, the heat ' 
which acts on the boiler increased, and the evaporation accelei'ated until -the 
production, of steam becomes adequate to the demands of the cylinder. 

9. In this way the varying demands of the cylinder on the boiler are made to vary 
in a proporfeional manner the action of the furnace, on which the generation of steam 
depends : when the cylinder consumes much steam, the damper is kept open ; when 
little, it is partially closed. 

10. The superintendence of the damper by the engine-man is therefore superseded. 
The engine itself works it more regularly and perfectly than could be done by any 
manual superintendence. 

11. This arrangement is called the 

12. In steam engines in general, and especially in those used in the manufactories, 
the rate at which steam is supplied to the cylinder ought to be proportionate to the 
work which the engine has to perform ; if not, whenever the resistance on the engine 
should be diminished, the speed of the piston would be augmented ; and when- 
ever the resistance should be augmented, the speed of the piston would be diminished, 
and a continually varying and irregular motion would necessarily take place in the 
engine, and would he transmitted to the machinery which it works. This is in 
general incompatible with the exigences of the arts and manufactures, in which 
there is a certain rate of motion or speed which ought to he imparted to the 
machinery, and which ought neither to he permitted to decline or augment. 

13. Now, since occasional variations in the resistance are inevitable, the only way 
to maintain an uniform velocity in the engine and in the machinery it drives is to 

means of regulating the supply of steam, so that the rate at which it shall 
flow into the cylinder shall be varied in the exact proportion of the resistance. This 
might, as I have already stated, he accomplished by the manual superintendence of 
the throttle valve ; but a much more certain and efi&cacious expedient was supplied 
in the by the fertile invention of Watt. 

the governor comprehended, we must refer to a well- 
known property common pendulum used as the regulator of time-pieces. It is 
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tlie property of this instrument, that when it oscillates in obedience to grayity from 
side to side in a circular arc, the time of its vibration will be the same, whether the 
arcs in which it vibrates are long or short, provided only the angle of its vibration 
be not considerable : if the arcs be short, its motion will be slow ; if long, its 
velocity will be proportionally great ; and thus, whether long or short, the time of 
accomplishing a complete vibration will he the same. This well-known property of 
the pendulum is called 2Soc7imi2sm. 

15. Now if the pendulous knoh, instead of vibrating in a circular arc, he made to 
whirl with a circular motion round an axis, the knob, in virtue of the centrifugal 
force produced by the rotation, will have a tendency to recede from the axis round 
which the motion takes place ; and when it assumes such a position that the tendency 
to recede is equal to its tendency to descend, in virtue of its weight, it will remain at 
a fixed distance from the axis round whiOh it revolTes, neither preceding from nor 
approaching to it. 

16. It is a property of this arrangement, quite analogous to the is'ochi’onism of the 
pendulum, and, indeed, depending on the same physical principles, that the time of 
revolution necessary to produce this equilibrium, and to keep the knob at a fixed 
distance from the axis, without receding from or appi’oaching to it^ is the same, 
whatever he the distance of the knoh from the axis, provided only that the angle of 
obliquity of the rod he not considerable ; and even though such angle have some 
considerable magnitude, the times of revolution corresponding to the State of equili- 
brium will not be considerably clifihreut. 

17. This expedient, Itnown by the name of the conical ^cndulum^ was applied by 
Watt, with his usual felicity and success, to the regulation of the throttle valve. The 
arrangement, as usually adoj^ted, is represented in the following figure. Two halls i 
are attached to the ends of equal rods of metal, h g. The arrangement is composed 




of a series of jointed rods ii i* e, which play upon a vertical spindle o n, being fixed 
at H, hut capable of sliding upon it at b. When the halls are separated so that the 
rods H G become more divergent, the arms he open, and the pivots p, separating, 
draw down the collar b, which, as I have stated, slides upon the spindle : and on the 
contrary, when the balls approach each other, the arms h e also approach each other, 
and the collar e is forced up. Thus, according to the distances of the halls from the 
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vertical spindle, the collar e ascends or descends. In the collar e is inserted the 
forked end k of the lever n n k. The end 2 ? of this lever is connected, as represented 
in the figure, with the throttle valve t, and the proportion and position of the rods 
are so adjusted that when the balls descend towards their lowest position, the 
throttle valve becomes open ; and when they separate, it hecomes gradually 
closed.,. . . 

A grooved wheel a b, or oftener a toothed pinion, is fixed upon the axle of the 
spindle, which receives its motion from any convenient part of the machinery. 

Now let us suppose, that the load on the engine is suddenly diminished, A 
momentary augmentation of speed will take place in the piston, and an increased 
velocity he imparted to the wheel a b and the balls of the governor ; these halls will 
consequently fly further from the vertical spindle, the fork s will he drawn down, 
the throttle valve ® partially closed, and the supply of steam to the cylinder 
diminished. * 

If, on the other hand, the load on the engine he increased, the speed of the piston 
■will he momentarily slackened, the velocity of the wheel A b will he diminished, the 
halls will descend and approach the vertical spindle, the fork K will be raised, and 
the throttle valve 0 ? partially opened. In this maimer the governor has the effect of 
admitting at all times to the cylinder just that portion of steam which is necessary to 
give to the piston the proper velocity, the quantity being always proportioned to the 
load on the engine. 

It is to he understood that this beautiful little instrument exercises powers 
circumscrihed within narrow limits, hut these limits are sufficiently extended to 
accommodate themselves to the variations incidental to the work which the engine 
performs. If the average amount of work varies from time to time, the governor 
can he adjusted accordingly. 

18. I have already explained in how great a degree the regular snpply of water to 
the boiler is necessary to the efficiency of the machine. Since the water in the 
boiler will be in the direct proportion of the work executed by the engine and 
the combustion in the furnace, it seems natural to seek for some self-regulating mode 
of feeding the boilei’, analogous to that which we have described as governing the 
combustion in the furnace and the supply of steam to the cylinder. It has been 
already explained that a float within the boiler causes a rod, bearing an index to 
ascend and descend, indicating always the quantity of water in the boiler. 

Now if this rod can be made to act upon a reservoir of water communicating with 
the interior of the boiler, so as to open the valve and admit water when it descends, 
and close the valve so as to stop the supply when it ascends, the desired object will 
he attained. Such au arrangement has accordingly been adopted with complete 
success in low-pressure boilers, and forms what is called the self-acting feeder. To 
the rod of the float is attached a cord or chain by which it is connected with the end 
of a lever, which opens and closes a valve placed in the bottom of a small cistern 
which stands at a sufficient height above the boiler. A tube is inserted in the bottom 
of this cistern under the valve, which tube descends into the boiler, and in it a column 
of water is sustained by the pressure of the steam, as already described. 

When the level of the water subsides and the boiler requires feeding, the float falls, 
draw's down the rod, opens the valve in the small cistern above, and lets water flow 
in through the tube : this continues until the level of the water is restored to its 
proper height, when the valve is closed. 

to speak more precisely, this valve is not alternately opened and closed. 
The fliHat and valve will he so adjusted that the latter is kept just so much open as 
to allow a stream T^ter to descend in the tube which is exactly equal to the rate 
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of evaporation in the boiler, so that the level of the water is kept constantly at the 
same point. 

20. This arrangement, however, is only applicable to low-pressure boilers, for in 
high-pressure boilers the column of water which would be sustained in the tube 
' would be too high. 

21. It is customary to supply the feed cistern just mentioned with the water 
pumped from the condenser by the air-pump : this water, having a temperature more 
elevated than that of the atmosphere, carries back to the boiler a portion of beat 
which would otherwise be wasted. 

22. In high-pressure boilers, where this feeding apparatus would be inapplicable, 
the necessary quantity of %vater is driven into the boiler by forcing pumps, called 

which are worked by the engine. The dimensions of these pumps are 
regulated according to the average evaporating power of the boiler, so that the 
quantity of water which they throw in shall be exactly equal to the quantity which 
passes in the state of steam to the cylinder. 

23. As this proportion, however, cannot be always precisely maintained, it is 
necessary to provide means for cutting off the feed-immps, or throwing them into 
operation at pleasure. Arrangements of this kind are accordingly provided, and 
placed at the disposal of the engineer. 

24. An easy and obvious expedient suggests itself for cutting off the feed, and 
supplying it according to the wants of the boiler, which, however, I do not recollect 
seeing adopted in practice. 

25. The float which rises and falls with the level of the water in the boiler might 
be made to act by its rod upon tbe gearing of the feed-pumps, , exactly as it acts upon 
the valve in the feed-cistern in low-pressure boilers ; so that whenever tbe level 
of the water should become too high, the pump should be thrown out of gear ; and 
whenever it was too low, it should be thrown into action. 

I . . ■ ' ' ■ . ■ ■ . . 

f SECTIOK XXIIL— HOW THE STEAM ENGINE IS ADAPTED TO THE WOEKINQ OF 

I ■ . PUMPS. 

1. Hitherto we have considered the piston as driven in both directions, upwards 
and downwards, by steam, a vacuum being produced alternately on the side towards 
which it moves. 

! 2. When the engine is applied to work a common lifting-pump, the force being only 

required to be exerted when the pump buckets are raised, but not in their descent, an 
arrangement would be required in the cylinder by which the piston should be only 
driven by steam in its descent, tbe pump buckets being then raised at tbe other end 
‘ of the beam ; but in its ascent the piston would be drawn up by the weight of the 

descending buckets and TOds, without any aid from the steam. Engines adapted to 
work such pumps are therefore so arranged that the yalfe shall only admit steam 
5 above the piston, a vacuum being made below it in the descent. Engines constructed 

in this manner are called while those in whm^ the steam acts 

both above and below tbe piston are called douUe-acting engines. 

3, Tbe single-acting engine in its principle differs in no respect from those we 
have described. A valve is provided at the top of the cylinder, by which steam 
is admitted above the piston when it begins to descend ; another valve is provided at 
the bottom, by which the steam under the piston passes to the condenser ; and tbe 
piston descends exactly in the same manner as in the double-acting engine. Bat 
' when the piston has reached the bottom of the cylinder, a valve is opened which 

I gives a communication between the top and the bottom of the cylinder, so that 

[ tbe steam which has just pressed the piston down now passes equally above and 
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below it. The piston being then drawn np by the weight of the descending buckets, 
the steam which was above it passes below it, through a tube attached, in which the 
valve just mentioned, communicating between the top and bottom of the cylinder, is 
placed. When the piston has reached the top of the cylinder, the steam which pre- 
viously filled the cylinder above the piston will now fill it below the piston ; and 
when the piston is about to descend by the pressure of fresh steam admitted above it, 
the steam below it is discharged to the condenser by another valve, already mentioned, 
and so the operation proceeds. 

4. These single-acting engines are only applicable to pumping or to some other 
operation in which an intermitting force, acting in one direction only, is required. 

5. The double-acting engine may, however, he also applied to pumping by the use 
of a double-acting pump, a variety of forms of which are familiar to engineers , 

6. The most remarkable examples of the application of the steam-engine to pump- 
ing are presented in the mining districts of Cornwall, where engines constructed on 
an enormous scale are applied to the drainage of the mines. The largest steam 
engines in the world are used for this purpose. Cylinders 8 and 9 feet in diameter 
are not uni>reeedented. The expansive principle may here be applied without limit, 
inasmuch as regularity of motion is not necessary. Steam having a pressure of SOIbs, 
per square inch above the atmosphere is admitted to act on the piston, and cut off 
after performing from -g- to of the stroke, the remainder of the stroke being effected 
by the expansion alone of the steam. 


SECTION XXIV.— HOW THE STEAM ENOINE IS CONSTKUOTEB IN OASES WHEEE , 
CONDENSING APPARATUS IS INADMISSIBLE. 


1. It will be perceived that the advantages obtained by tbe vacuum produced by 

the condensation of steam are not without drawbacks. The machineiy for conden- 
sation is costly, bulky, and heavy, and moreover consumes a considerable portion of 
the moving jiower in working it. The condenser requires a cistern of cold water, in 
which it is submerged. The cistern must be kept constantly supplied with cold 
water, for which purpose a pump called the cold water pump^ must be worked by the 
engine. water and air admitted by the condensing jet must he continually 

pumped out by the air-pump. In many cases the steam engine is worked in situ- 
ations in which a sufficient supply of cold water cannot be procured, and where the 
weight and bulk of the condenser, air-pump, and cold water pump, would be inad- 
missible. In these cases the power of the steam must be worked without the advan- 
tage of the vacuum on the other side of the piston. Engines thus constructed are 
called non-condeTisiTig engines, and sometimes, though not with strict propriety, high- 
pressure engines. Steam having a greater pressure than that of the atmosphere being 
admitted on one side of the piston, and the other side being left in open communi- 
cation with the atmosphW&, the piston will he urged forwards by a force proportional 
to tbe excess of the steam pressure above the pressure of the atmosphere, the friction, 
and other resistances. When the piston is thus drawn to the other end of the cylinder, 
the steam being admitted on the opposite side of the piston, and the contrary side 
being open to the atmosphere, the piston will in like manner be urged back again. 

2. BeMeen the mechanism by which the admission and emission of the steam is 
effected in this machinery, and that wffiich we have described in the condensing 
engine, there is no real difference. Whether the steam be allowed to escape to the 
condenser or into the open atmosphere, the mechanism which governs its admission 
and ^qscape will be the same. 

S; Xs pressure of the steam in such machines must necessarily exceed that of 
the atmosphere la a sufficient proportion to supply a force necessary for the purpose 
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to -wHcli tlie machine is applied, the pressure is always much greater than is neces- 
sary where condensation is used ; and hence the application of the term high pressure 
engines io such machines; hut the use of the term is ohjectionahle, inasmuch as 
steam of an equally high pressure is often used in engines in which the steam is con- 
densed and a yacuum produced. An example of this is presented in the engines used in 
Coimwall, where steam haying a pressure of 50 ft>s. or upwards on the square inch is used.* 

4. Properly speaking, therefore, high 'pressure engines consist of two classes ; those 
in which the steam is not condensed, and those in which it is condensed. 

5. The most proper classification of engines, therefore, is into condensing and Mon>- 
condensing engines; the latter being always high-pressure engines, and the former 
sometimes high-pressiu*e and sometimes low-pressure, 

6. By low-pressure engines is to he understood those in which the safety yalve on 
the boiler is loaded at the rate of 4 to 6 Ihs. per square inch. 

7. High-pressure engines is a term rather indefinite ; hut where the yalve is loaded 
with 20 lbs. or upwards per square inch, the machine is generally so called. ^ 

8. In the United States, the use of high-pressure steam is much more universal 
than in England, and 20 lbs. upon a square inch of the safety -valve would hardly he 
denominated high pressure. This will be understood when it is stated that from 120 
to 150 Ihs. per square inch is not a very uncommon pressure to use, 

9. In locomotive engines, the condensing apparatus is excluded for obvious reasons. 
The pr*essure in these is usually from 100 to 150 ihs. per square inch. The steam which 
escapes from the cylinder after working the engine, is ejected up the chimney, where 
it plays the part of a blower, and supjplies that want of elevation of the chimney 
which circumstances here exclude. 


SECTION XXV. — HOW THE MECHANICAL PEESSEEE OP THE STEAM ON THE PISTON IS 
LIMITED, AND HOW THE SPEED OP THE PISTON IS APPKCTED BY THIS. 

It is commonly hut erroneously supposed that the pressure which the steam exerts 
on the piston of an engine can he augmented or diminished at pleasure by augment- 
ing or diminishing the pressure of the steam in the boiler. A moment’s attention to 
some universal principles of mechanical science will be sufficient to rectify this error. 

It is an established principle, that when a body which offers a definite resistance 
to motion is impelled hy a force whose pressure is precisely equal to that resistance, 
the body so acted upon must he in one of two states, viz. either at rest, or moving 
with an uniform velocity. 

This principle is convertible. A state of rest or of uniform motion presumes that 
the body in such state must be acted upon by forces in that is to say, if 

it be in motion, the energy of the forces which impel it must be precisely equivalent 
to the resistance which it offers to them. 

To illustrate this by a practical example, let us suppose that a carriage placed on 
an uniform and level road is drawn by a horse at a perfectly uniform speed. The 
resistance in this case which the carriage offers to thedraught is precisely equivalent to 
the force impressed by the horse on the collar. 

If an experimental proof of this be required, it may be easily given. Let a carriage 
be placed on any level surface, and drawn by a weight carried over a pulley. When 
its motion is nniform, it will be found that the amount of the weight which gives it 
such motion is precisely equal to the resistance of the carriage. 

But it will he ashed, how can the energy of the impelling forces he greater or less 
than the resistance, if the object to which it is applied be in motion I If it be greater 
than the resistance, it cannot do more than move it ; if it be less than the resistance, 
why does not the object stop altogether ? Admitting that a moving force greater in 
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amount fclian the resistance of the body moved can be applied, it may be further 
ashed, what becomes of the surplus of such moving force ? It is clear that the resist- 
ance cannot absorb more than its own amount of the moving force : on what, then- 
Is the surplus expended? 

Let the simple and familiar example of a carnage moved on a level road be taken. 
Let us suppose that the force exercised on the carriage is 150 !bs. w%ile the resist- 
ance of the carriage to the moving power is only 100 lbs. On what object, then, are 
the other 50 lbs. expended ^ ^ ^ 

^ this is extremely simple, and easily understood. When the moving 

force is thus greater in intensity than the resistance, the motion imparted to the body 
to which it is applied is not, as above, an uniform speed, but a speed constantly 
accelerated : in every succeeding second of time the moving force imparts to the 
body an increased velocity, and consequently an increased momentum. It is by this 
augmentation of momentum, then, that the surplus moving force is absorbed. It is, 
therefore a living force. It is not, properly speaking, extinguished, as in that portion 
of the moving force which is in with the resistance. ‘The momentuin 

which it produces in the moving body will be retained and expended upon something 
before the moving body can come to a state of rest. 

Accelerated motion is, then, the consequence of the moving force exceeding ia 
amount the resistance of the body moved. 

• Analogy will at once raise the presumption, that a gradually retarded motion will 
be the consequence of the moving force being less in intensity than the resistance of 
the body moved. 

The moving force in this case balances, or as it were extinguishes so much of the 
resistance as is equal to its intensity ; the excess of the resistance, however, remains 
to be accounted for. What is its effect, and what becomes of it? We suppose the 
body to be already in motion ; its weight or mass has therefore a certain momentum, 
which, by the common properties of matter, gives it a tendency to continue in motion. 
This tendency is opposed by that portion of the resistance which is not balanced by 
the moving force. This portion of the resistance, then gradually robs the moving 
body of its momentum, makes it move more and more slowly, and at length, extin- 
guishing all the momentum, brings the body to a state of rest. 

Thus it will be clearly understood that any inequality between the intensity of the 
pressure, or traction, or impulsion, by whichever term the moving force be designated 
and the intensity of tbe resistance, will be attended with an accelerated or retarded 
motion in the body moved, according as the excess lies on the side of the moving 
povrer or on the side of the resistance. 

There is nothing new in these principles. They are, in fact, the established prin 
ciples of general mechanics, perfectly familiar to all who have cultivated the higher 
departments of science. 

Let us apply these principles to the case of a steam engine. 

The piston is in this case the body moved. The boiler is the source of the moving 
power. To simplify the case, we shall imagine the motion of the piston to take place 
constantly in one direction, instead of being reciprocated from end to end of the 
eylinder.v ■■ ^ , ■ ■ , , , 

Now it follows- from what has just been explained, that if the motion of the piston 
in the cylinder be uniform, the pressure of the steam which impels ifc cannot by any 
mechnaalcal possibility be different from the amount of the resistance which the piston 
o@Krs. Ib’ft may load the safety valve as you please : you may vary the condition of 
the boiled In- Imaginable manner, and the presstire of the steam in that vessel 
may have aiiy inteismty whatever j but it is demonstrably certain that the pressure of 
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tlie steam in the cylinder cannot be either greater or less than such as would be neces- 
sary on the entire surface of the piston to produce an action equal to its resistance. 
This is as certain as the conclusion of any problem in common geometry. 

But then, it may be objected, we can have no power to vary the pressure of the 
steam, in the boiler, inasmuch as the resistance of the piston has no connection with 
the source of the moving power. 

I have explained in a former section that the pressure of steam in the boiler, 
though it can never he less than the pressure of steam in the cylinder, may be to any 
desired extent greater ; the action of the throttle valve explains this : the more the 
throttle valve is contracted, and the smaller the orifice through which the steam has 
to pass into the cylinder, the greater will he the ratio of its pressure in the boiler to 
its pressure in the cylinder. There is, then, a minor limit to the pressure of steam 
in the boiler ; it cannot be less than such a pressure as would produce on the piston 
an action equal to its resistance. 

What is, on the other hand, the major limit of the pressure of steam in the boiler ? 
This limit is obviously determined by the load on the safety valve : when the steam 
exceeds this limit, the safety valve will be opened, and the surplus pressure reduced 
by escape. 

It thus appears that the piston and the safety valve supply the two limits of the 
possible pressure of steam in the boiler. The pressure per square inch of the steam 
in the boiler cannot he less than the resistance per square inch of the piston, nor 
greater than the pressure per square inch on the safety valve. 

In the ordinary action of an engine, the motion must in the main be uniform. 
Acceleration or retardation are conditions exceptional and occasional. When the pis- 
ton is first put in motion from a state of rest, its motion is accelerated until it has 
attained its normal and regular speed ; when the engine is about to he stopped, its 
motion is gradually retarded until the resistance extinguishes the momentum of the 
machinery. 

When the piston and other reciprocating parts of the machinery change the direc- 
tion of their motion at each extremity of the stroke, they will be for a short interval, 
before and after the moment the direction changes, retarded and accelerated ; and 
this retardation and acceleration would be very perceptible, were it not for the fly- 
wheel : but the momentum of the fly-wheel, as well in consequence of its weight as 
of the velocity of the matter forming its rim, so prodigiously exceeds the momentum 
of the reciprocating parts of the machinery, that the effect of acceleration and retard- 
ation in the latter is altogether effaced by the great momentum of the revolving mass 
of the former. 

It is for this reason that the flly- wheel justifies us practically in our reasoning in 
assuming the piston as moving uniformly and constantly in one direction, instead of 
reciprocating. 

When the steam is used expansively, being cut off at one-half, or any other fraction 
of the stroke, the impelling power necessarily varies in intensity ; and as the resist- 
ance does not vary in intensity, or at least does not vary in the same manner and pro- 
portion, there will consequently not be an equilibrium between the moving pow’er and 
the resistance, and the motion therefore cannot he uniform. 

When steam is thus applied, the pressure, when first admitted on the piston, is 
greater than the resistance ; and so long as the steam valve is open, the motion of the 
piston will be accelerated. When it is closed, and the steam begins to expand, it 
gradually diminishes in intensity. The accelerated motion of the piston will, how- 
ever, continue until the pressure of the steam becomes equal to the resistance. Fur- 
ther expansion rendering it less powerful than the resistance, the motion of the piston 
will be retarded to the end of the stroke. 
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This series o£ effects is repeated at each stroke of the piston. 

Now although in this case the motion of the piston during any one stroke is 
variable, yet the average motion of the machine will be uniform : althongh through- 
out a single stroke the piston he alternately accelerated and retarded, yet the number 
of strokes performed hy the machine per minute will be the same. The average 
velocity will be uniform, although the velocity within the limit of a single stroke he 
■not so. , , ■ ■ 

But even this variation within the limits of each stroke is almost effaced hythe 
action of the fly-wheel, which absorbs the acceleration and repairs the retardation by 
giving and talcing momentum, as already described. 



I have spoken of the uniform velocity of the piston, which, whether it be main* 
tained in the literal sense of the term, or only on the average, as estimated by 
the number of strokes per minute, must in every case be the result of an eqnilibrium 
between the average moving force of the steam and the resistance of the machinery. 
But what, it may be asked, determines the rate of this uniform speed ? What con- 
ditions are they which can determine \¥hether the piston shall move 200 feet or 500 
feet per minute ? 

This is obviously determined by the rate at which the boiler is capable of supplying 
steam of the requisite pressure to the cylinder. Let the resistance on the piston be 
estimated ; say that it is 20 lbs. per square inch of its suifface ; then the boiler must 
be capable of supplying steam of 20 lbs. pressure per square inch, in such measure as 
to enable the piston to move at the required speed. 

Let us assume, for example, that the required speed is 2000 feet per minute, 
or 12, 000 feet per hour, and that the area of the piston is 5 square feet ; then, to 
enable the piston to advance through 12, 000 feet, a column of steam must follow it, 

12.000 feet in length and 5 square feet in its section, •which gives 60,000 cubic feet 
of steam. But steam having the pressure of 20 lbs. per square inch hears to the hulk 
of water which produces it the proportion of 1281 to 1; therefore, if we divide 

60.000 hy 1281, we shall find the number of cubic feet of water which must be sup- 
plied in the state of steam by the boiler to the cylinder in an hour. 

This division gives 47, very nearly. This holler therefore, must in this case evapo- 
rate 47 cubic feet of water per hour, or, according to the conventional standard of 
boiler- makers, be a boiler of 47 horse-power. 

In general this ealculaiion may be made by the aid of the following Tables. 

TABLE I.--AEEA.S OF PISTONS, 


Inch. 


DIa. Area. Dia, Area. [ Dia. Area. Dia. Area. Dia. Area. 


Inches. 

•785 

•994 

1*227 

1‘484 

1*767 

2*073 

2*405 

2*761 


I ch, 
3 

h 

i 

I 

i 


IncVieH, 

7*068 

7*669 

8*295 

8*946 

9*621 

10*320 

11*044 

11*793 

12-566 


Inch. 

5 

i 

i 

i 


Inches. 

19*635 

20*629 

21*647 

22*690 

23*758 

24*850 

25*967 

27*108 

28*274 

29*464 


Inch. 

7 
i 
i 
i 
i 

I 

I 

8 

I 


Inclies. 
38 •484 
39*871 
41*282 
42*718 
44*178 
45*663 
47-173 
48*707 
50*265 
51*848 
53*456 


Inch. 

9 


Inches 

68*617 

65*396 

67*200 

69*029 

70*882 

72*759 

74*662 

76*588 

78*540 

80*515 

82*516 

84*540 

86*590 

88*664 

90*762 

92*885 







TABLE X,’-~Oo'iitmued, 

Dia. I Area. il Dia. | Area. ilDia.l Area. i| Dia. j Area. IjDia. j Aita. j Di a. j Indies. 


Indies. 
95-033 
97-205 
99*402 
101 -62 
103-86 
106-13 
108'43 
110*75 
113*09 
115*46 
117*85 
120*27 
122*71 
125*18 
127*67 
130*19 
132*73 
135*29 
137*88 
140*50 
143*13 
145*80 
148*48 
151*20 
153*93 
156*69 
159*48 
162*29 
165*13 
167-98 
170*87 
173*78 
176*71 
179*67 
182*65 
185*66 
188*69 
191*74 
194*82 
197*93 
201*06 
204*21 
207*39 
210*59 
213-82 
217*07 
220*35 
223*65 
226*98 
230*33 
. 233*70 
. 237*10 
. 240*52 
[ 243*97 
[ 247*45 
^ 250*94 
i 254*46 
I 258*01 
[ 261*58 
I 265*18 
^ 268*80 
I 272*44 
I 276*11 
I 279*81 


Inches. Indj. 
283*52 27 

287*27 i 
291*03 I 
294*83 I 
298*64 4 

302*48 I 
306-35 I 
810*24 I 
314*16 28 

318*09 I 
322-06 I 
326*05 I 
330*06 I 
334*10 I 
338*16 I 
342*25 f 
346*36 29 

360*49 J 
354*65 i 
358*84 I 
363*05 i 
367*28 i 
371*54 I 
375*82 I 
380*13 30 

384*46 i 
388*82 I 
393*20 I 
397*60 4 

402*03 I 
406*49 f 
410*97 I 
415*47 31 

420*00 I 
424*55 I 
429*13 I 
433*73 i 
438*36 I 
443*01 i 
447*69 f 
452*39 32 

457*11 i 
461*86 i 
466*63 f 
471-43 i 
476-26 I 
481*10 i 
485*97 I 
490*87 33 

495*79 I 
500*74 I 
.505*71 I 
610*70 4 

515*72 I 
520*76 I 
625-83 i 
530*93 34 

536*04 4 

■ 541*18 i 

j 646*35 I 

r 551*54 4 

^ 556*76 I 

562*00 I 
i 567*26 1 f 


Indies. ! Inch. 

572*55 I 35 
577*87 ! 4 

583*20 i i 
588*57 I I 
593*95 1 4 

599*37 i I 
604*80 I 
610*26 I 
616*75 36 

621*26 I 
626*79 i 
632 35 I 
637*94 4 

643*54 I 
649*18 I 
654*83 I 
660*52 37 

666*22 J 
671*95 i 
677*71 I 
683*49 4 

689*29 I 
695*12 I 
700*98 § 

706*86 38 

712*76 4 

718*69 4 

724*64 I 
730*61 4 

736*61 I 
742-64 I 
748*69 i 
754*76 89 

760*86- 4 

766*99 I 
773*14 I 
779*31 4 

785*51 t 
791*73 I 
797*97 i 
804*24 40 

810*54 4 

816-86 4 
823*21 f 
829*57 4 

835*97 I 
842*39 I 
848*83 4 

855*30 41 

861*79 4 

868*30 4 

874*84 f 
i 881*41 4 

888*00 I 
894*61 I 
901*25 1 I 
907-92 ! 42 
914*61 ; 4 

921*32 4 

I 928*06 1 I 
! 934*82 I 4 
1941*60 I 
I 948*41 I i 
1 955*25 4 


Inches. Inch. 
962*11 43 

968*99 4 

976*90 4 

982*84 I 
989*80 4 

996*78 I 
1003*7 I 
1010*8 I 
1017*8 44 

1024*9 4 

1032-0 4 

1039 1 I 
1046*3 I 
1053*5 I 
1060-7 I 
1067*9 i 
1075-2 45 

1082*4 4 

1089*7 4 

1097*1 f 
1104*4 4 

1111-8 I 
1119-2 i 
1126*6 4 
1134-1 46 

1141*5 4 

1149*0 4 

1156*6 I 
1164*1 4 

1171*7 i 
1179*3 J 
1186*9 I 
1194*5 47 

1202*2 J 
1209*9 i 
1217*6 I 
1225*4 4 

1233*1 I 
1240*9 i 
1248*7 i 
1256*5 48 

1264*5 4 

1272*3 i 
1280*3 I 
1288*2 4 
1296-2 I 
1304*2 I 

1812*2 I 

1320*2 49 

1328*3 4 

1336*4 I 
1344*5 I 
1352*6 4 

1360-8 I 
1369*0 f 
1377*2 I 
1385*4 50 

1398*7 4 

1401*9 I 
1410*2 I 
1418*6 4 

1426*9 I 
1435-3 I 
1443*7 4 


Indies, Indn 

1452-2 51 
1460-6 i 
1469-1 i 
1477-6 i 
1486-1 4 

1494-7 I 
1603-3 I 
1511-9 I 
1520-6 52 
1529-1 4 

1637-8 J 
1546-5 I 
1565-2 4 

1564-0 I 
1572-8 i 
1581-6 f 
1590-4 53 
1599-2 4 

1608-1 4 
1617-0 i 
1625-9 4 

1634-9 i 
1643-8 I 
1652-8 f 
1661-9 54 
1670-9 4 

1680-0 4 
1689-1 -J 
1698-2 4 

1707 -3 I 

1716-5 'i 
1726-7 I 
1734-9 65 
1744-1 4 

1758-4 4 

1762-7 i 
1772-0 4 

1781-3 I 
1790-7 I 
1800-1 i 
1809-5 56 
1818-9 4 

1828-4 4 

1837-9 i 
1847-4 i 
1866-9 I 
1866-6 S 
1876-1 i 
1886-7 57 
1896-3 4 

1906-0 4 

1914-7 I 
1924-4 4 

1934-1 I 
1943-9 i 
1963-6 i 
1963-5 68 
1973-8 4 

1983-1 4 

1993-0 g 
2002-9 4 

2012-8 I 
2022-8 4 
2032-8 4 


Indies. 

2042-8 
2052-8 
2062-9 
2072*9 
2083*0 
2093*2 
2103*3 
2113*5 
2123*7 
2133*9 
2144*1 
2154*4 
2164*7 
2175*0 
2185-4 
2195*7 
2206*1 
2216*6 
2227*0 
2237*5 
2248 -O 
2258*5 
2269*0 
2279*6 
2290*2 
2300*8 
2311*4 
2322*1 
2332*8 
2343*5 
2354*2 
2365*0 
2875*8 
2386*6 
2397*4 
2408*3 
2419*2 
2430*1 
2441*0 
2452*0 
2463*0 
2474*0 
2485*0 
2496*1 
2507*1 
2518*2 
25*29*4 
2540*5 
2551*7 
2562*9 
2574*1 
2585*4 
2596*7 
2608*0 
2619*3 
2630*7 
2642*0 
2653*4 
2664*9 
2676*3 
2687*8 
2699*3 
2710*8 
2722*4 


TOL. iir. 
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Dia. Area. Dia, | Area, j Dia. Area, i Dia. Area, j Dia. j Area. Dia. I Area 


I»che.s. i 

2733-9 

2745-5 

2757-1 

2768-8 

2780-5 

2792-2 

2803-9 

2815-6 

2827*4 

2839-2 

2851-0 

2862-8 

2874-7 

2886-6 

2898-5 

2910*5 

2922-4 

2934-4 

2946-4 

2958-5 

2970-5 

2982*6 

2994-7 

3006*9 

3019*0 

3031-2 

3043*4 

3055-7 

3067*9 

3080*2 

3092*5 

3104*8 

3117-2 

3129-6 

3142-0 

3154-4 

3166-9 

3179*4 

3191-9 

3204-4 

3216-9 

3229-5 

3242-1 

3254-8 

3267-4 

3280-1 

3292-8 

8305-5 

3318-3 

3331-0 

3343*8 

3356*7 

3369*5 

3882*4 

3395-3 

3408*2 


3. Inches. 
3421-2 
3434-1 
3447-1 
3460*1 
3473-2 
3486-3 
3499*3 
3512-5 
3525' 6 
3538-8 
3552-0 
3565-2 
3578-4 
3591-7 
3605-0 
3618-3 
3631*6 
3645-0 
3658-4 
3671-8 
3685-2 
3698-7 
3712-2 
3725*7 
3739-2 
3752-8 
3766-4 
3780-0 
3793-6 
3807-3 
3821-0 
3834-7 
3848-4 ; 
3862-2 
3875-9 
3889*8 
3908-6 
3917-4 
3931-3 
3945*2 
3959*2 
3973*1 
3987 T 
4001-1 
4015-1 
4029-2 
4043-2 
4067-3 
4071-5 
4085-6 
4099-8 
4114*0 
4128-2 
4142-5 
4156*7 
4171-0 j 


1.1 Inches. I 
4185*3 i 
4199-7 i 
4214-1 I 
4228*5 
4242*9 
4257*3 
4271-8 
4286'3 
4300-8 
4315-3 
4329-9 
4344-5 
4359-1 
4373*8 
4388-4 
4403-1 » 
4417*8 
4432-6 
4447*3 
4462*1 
4476*9 
4491-8 
4506-6 
4521-5 
4536-4 
4551*4 
45G6-3 
4581-3 
4596-3 
4611-3 
4626-4 
4641*5 
4656 -6 
4671*7 
4686-9 
4702-1 
4717-3 
4732-5 
4747-7 
4763-0 
4778-3 
4793*7 
4809-0 
4824-4 
4839-8 
4855 -2 
4870-7 
4886-1 
4901-6 
4917-2 
4932-7 
4948-3 
4963-9 
4979-5 
4995-1 
5010-8 ' 


Inch. Inches, i 

80 5026*5 i 
I ■ 5042-2 i 
4 5058-0 ^ 

..J 5073-7! 
^ ,5089-5 i 
I '5105-4'i 
I 5121 •2,1 
i ,5137-1 ! 

81 5153-0 
I 5168-9 
i 5184-8 
I 5200-8 
4 5216-8 
I 5232-8 
I 5248*8 
I" '5264-9 i 

82 5281*0 

J " 5297-1 ! 
i 5313-2 
i 5329-4 
I 5345-6 
I 5361-8 
i 5378-0 
I 5394-3 

83 5410*6 
4 5426*9 
I 5443-2 
I 5459*6 
4 5476-0 
I 5492-4 
I 5508-8 
I 5525-3 

84 5541*7 
I 5558-2 
4 5574-8 
I 5591-3 
4 5607-9 
I 5624-5 
i 5641*1 
J 5657*8 

85 5674*5 
I 5691-2 
4 5707-9 
f 5724-6 
4 5741-4 
I 5758*2 
i 5775-0 
I 5791-9 

86 5808*8 
4 5825*7 
4 5842-6 
I 5859 5 
I 5876-5 
I 5893-5 
I 5910-5 
4 5927-6 


Inch, Inches. 

87 694i-6 

4 5961-7 
i 5978-9 
I 5996-0 
4 6013-2 

I 6030-4 
■S 6047-6 
I 6064-8 

88 6082-1 
4 6099-4 
i 6116-7 
i 6134-0 
4 6151-4 

I 6168-8 
f 6186-2 
i 6203-6 

89 6221-1 
4 6238-6 
i 6256-1 
I 6273-6 
4 6291-2 
i 6308-8 
I 6326-4 
i 6344-0 

90 6361-7 
4 6379-4 
4 6397-1 
I 6414-8 
4 6482-6 
I 6450-4 
I 6468-2 
I 6486-0 

91 6508-8 
4 6521-7 
4 6539-6 
I 6557-6 
i 6575-5 
I 6593-5 
i 6611^5 
i 6629-5 

92 6647-6 
4 6665-7 
4 6683-8 
f 6701-9 
f 6720-0 
I 6738-2 
i 6766-4 
I 6776-4 

93 6792-9 

4 6811-1 
4 6829-4 
I 6847-8 
4 6866-1 

4 6834-6 
i 6902-9 

5 6921-3 


Inch. Area. 
94 6939-7 
4 6958-2 
4 6976-7 
I 6995-2 
4 7018-8 
I 7032-3 
I 7050-9 
4 7069-6 
96 708S-2 
4 7106-9 
4 7125-6 
i 7144-3 
4 7163-0 
i 7181-8 
I 7200-5 
I 7219-4 

96 7238-2 
4 7257 -1 
4 7275-9 
f 7294 -g 
4 7313-8 
4 7332-8 
f 7351-7 
I 7370-7 

97 7389-8 

4 n08-8 

4 7427-9 
I 7447-0 
4 7466-2 
I 7485-3 
I 7504-5 
i 7623-7 

98 7642-9 
4 7562-2 
4 7681-5 
I 7600-8 i 
4 7620-1 
i 7639-4 
I 7658-8 
I 7678-2 

99 7697-7 
4 7717-1 
4 7736-6 
f 7756-1 
4 7775-6 
i 7795-2 
i 7814-7 
I 7834-3 

100 7854-0 


Table, wlieA the number of inches in the diameter of the piston is hnown, 
ofsquare inches in its area can he found on inspection. 

Qoisuoi i-— CUven the diameter of the piston in inches, to find its area in square 
feet. ' ■ 










Bum I.* — Find in Table I. tbo number of square indies in the area. Divide the 
number thus found by 144. The quotient will be the area of the piston in square 
"feet., 

Example.— T o find the area of a piston in square feet whoso diaineter is 86| 
inches.,: ■' 

By Table I. we find that the area in square inches is 5910*5. Ditiding this by 144 
we obtain 

144)5910*5 


41*04 

which is the area in square feet. 

Question II. — Given the diameter of the piston in inches, audits speed in feet per 
minute, to find the number of cubic feet of steam per hour which pass through 
the cylinder. 

EuLi 2. — ^By Eule 1, find the area of the piston in square feet. Multiply this by 
the speed of the piston in feet per minute, and the product will be the number of 
cubic feet of steara which pass through the cylinder per minute. Multiply this last 
by 60, and the product is the number of cubic feet per hour. 

Example. — A 50 -inch piston moves at the rate of ISO feet per minute. What 
number of cubic feet of steam per hour pass through the cylinder ? 

By Eule 1 we find the area of the piston to be 17*36 square feet. 

Multiply this by 180 : 

17*36 

180 


3124*80 

60 


187488*00 


which is the number of cubic feet of steam per hour which pass through the cylinder. 
In the following Table is given, in the 1st column, the total pressure of steam in 
pounds per square inch j in the 2nd column, the corresponding temperature ; in the 
3rd column, the number of cubic inches of steam which would be produced by one 
cubic inch of water,* and in the 4th column, the total mechanical effect produced 
by the evaporation of a cubic inch of water under the pressure expressed in the first 
column, 

TABLE n. 


Total 
Pressure 
iu lbs. 
per sq. 
iucti. 

Corre- 

sponding 

Tempera- 

ture. 

Cubic iuclies 
of Steam 
produced by 
a cubic iucli 
of Water. 

Mechanical 
Effect of a cubic 
inch of Water 
evaporated in 
fi)S, raised 1 ft. 

Total 
Pressure 
iulbs. 
per sq. 
inch. 

Corro- 

sponding 

Tempera* 

ture. 

Cubic inches 
of Steam 
produced by 
a cubic incli 
of Water, 

Mechanical 
Effect of a cubit 
inch of Water 
evaporated in 
ibs. raised 1ft. 

1 

102*9 

20868 

1739 

14 

209*1 

1778 

2074 

2 

126*1 

10874 

1812 

15 

212*8 

1669 

2086 

3 

: 141*0 

7437 

1859 

16 

216*3 

, 1573 

2087 

4 

152*3 

5685 

1895 

17 

219*6 

1488 

2107 

5 

161*4 

4617 

1924 

18 

222*7 

1411 

2117 

6 

169*2 1 

3897 

1948 

19 

225*6 

1343 

2126 

7 

175*9 

3376 

1969 

20 

228*5 

1281 

2135 

8 1 

182*0 

2983 

1989 

21 

231*2 

1225 

2144 

9 

187*4 

2674 

2006 

22 

233*8 

1174 

2152 

10 ' 

192*4 

2426 

2022 

23 

236*3 

1127 

2160 

11 

197*0 

2221 

2036 

24 

238*7 

1084 

2168 

12 

201*3 

2050 

2050 

25 

241*0 

1044 

2175 

13 

205*3 

1904 

2063 

26 

243*3 

1007 

2182 
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TABLE II. -^Continued. 


Having these laDies before us, we shall be enabled to solve, by the common 
principles of arithmetic, a multitude of practical problems of considerable utility, the 
investigation of which will further illustrate and familiarise tlie principles which have 
been delivered in general terms throughout this article. 

By the power of a boiler, I would be understood to mean, in what follows, the 
number of cubic feet of water which the boiler would evaporate per hour in regular 

. By tW speed of the piston, I mean to express the average number of feet per 
minute through 'wMch the piston is moved. 


Total 
Pressure 
in Ib3. 
per sq. 
inch. 

Corre- 

sponding 

Tempera- 

ture. 

Cubic inches 
of Steam 
produced hy 
a cubic inch 
of 'Water. 

Mechanical i 
Effect of a cubic 
inch of Water 
evapoi'ated in 
lbs. raised 1 ft. 

Total 
Pressure 
In lbs, 
per sq. 
inch. 

Corre- 

sponding 

Tempera- 

ture. 

Cubic iuehes 
of Steam 
produced by 
a cubic inch 
of Water. 

Mechanical 
Effect of a cubic 
inch of Water 
evaporated in 
lbs. raised 1 ft. 

27 

245*5 

973 

2189 

71 

307*4 

403 

2385 

28 

247-6 

941 

2196 

72 

308*4 

398 

2388 

29 

249*6 

911 

2202 

73 

309*3 

393 

2391 

30 

251*6 

883 

2209 

74 

310*3 

388 

2394 

81 

253*6 

857 

' 2215^ 

:';,7'5' 

311*2 

383 

2397 

32 

255-5 

833 

2221 

76 

31-2 -2 

379 

2400 

33 

257*3 

810 

^ 2226 ' 

77 

313*1 

■ ■^:S74'■' 

2403 

34 

259*1 

788 

. 2232 

78 

314*0 

370 

2405 

35 

260*9 

767 

2238 

1 79 . 

314*9 

366 

2408 

36 

262*6 

748 

2243 

80 

315*8 

362 

2411 

37 

264*3 

729 

2248 

81 

316*7 

358 

2414 

38 

265*9 

712 

2253 

82 

317*6 

354 

2417 

39 

267-5 

695 

2259 

83 

318*4 

350 

2419 

40 

269*1 

679 

2264 

84 

819-3 

346 

2422 

41 

270*6 

664 

2268 

85 

320-1 

842 

2425 

42 

272*1 

649 

2273 

86 

321*0 

339 

2427 

43 

273*6 

635 

2278 

87 

321*8 

335 

2430 

44 

275*0 

622 

2282 

88 

322*6 

332 

2432 

45 

276*4 

610 

2287 

89 

323*5 

328 

2435 

46 

277*8 

598 

2291 

90 

324*3 

325 

2438 

47 

279*2 

586 

2296 

91 

325*1 

322 

2440 

48 

280*5 

575 

2300 

92 

325*9 

319 

2443 

49 

281*9 

564 

2304 

93 

326*7 

316 

2445 

50 

283*2 

554 

2308 

94 

327*5 

313 

2448 

51 i 

284*4 ' 

544 

2312 

95 

328*2 i 

310 

2450 

52 1 

285*7 : 

534 

2316 

96 

329*0 i 

307 1 

2453 

53 

286*9 

525 

2320 

97 

329*8 

304 

2455 

54 

288*1 

516 

2324 

98 

330*5 i 

301 

'..2457 

55 

289*3 

508 

2327 

99 

331*3 

298 

2460 

56 

290*5 

500 

2331 

100 

332*0 

295 

2462 

57 

291*7 

492 

2335 

no 

339*2 

271 

2486 

58 

292*9 

484 

2339 

120 

345*8 

251 

2507 

59 

294*2 

477 

: 2343 

130 1 

352*1 

233 

, . . ■.2527,"' 

60 

295*6 

470 

1 2347 

140 1 

357 *9 

218 

2545 

61 

296*9 

463 

2351 

150 

363*4 

205 

2561 

62 

298*1 

456 

2355 

160 

368*7 

193 

2577 

63 

299*2 

449 

2359 

170 

373*6 

183 

2593 

64 

300*3 

443 

2362 

180 1 

378*4 

174 

2608 

65 

301*8 

437 

2365 

190 1 

382*9 

166 

2622 

66 

302*4 i 

431 

2369 

200 

387*3 

158 

2636 

67 

303*4 

425 

2372 

210 

391*5 

151 

2650 

68 

304*4 

419 

2375 

220 

395 -S 

■' 145„ i 

2663 

69 i 

305*4 

414 

2378 

230 

399*4 

140 ; 

2675 

'TO'' ! 
■ 

306*4 

408 

2382 

240 

403*1 

134 , 

2687 
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Tiie engine being understood to be in regular and uniform operation, tbe total 
resistance of tbe piston will be equal to tbe total pressure of tbe steam upon it ; and 
tbe resistance of tbe piston per square incb of surfice will therefore be equal to tbe 
pressure of tbe steam in tbe cylinder per square incb of surface. These terms, 
therefore, may be taken as synonymous. In general, the term pmwe of steam is 
understood to mean pressure per square inch. 

Tbe 3rd column in Table II., which is given as expressing tbe number of cubic 
inches of steam of a given pressure produced by tbe evaporation of a cubic inch of 
water, will equally express the number of cubic feet of steam produced by a cubic 
foot of water, or, in general, tbe ratio of tbe volume of steam to tbe volume of water 
from which it is produced, 

Question III.— 0iven the power of the boiler, tbe pressure of the steam in the 
cylinder, and tbe speed of the piston, to find the diameter. 

Bule 3.— In the first column of Table II. find the given pressure ; tbe correspond- 
ing number in the third column is the ratio of tbe volume of such steam to tbe 
volume of water which produced it. Multiply the power of tbe boiler by such 
number, and tbe product will be the number of cubic feet of steam per bour which 
pass through tbe cylinder, which, divided by 60, gives tbe number of cubic feet per 
minute which pass through tbe cylinder. Divide this by tbe speed of the piston 
expressed in feet per minute, and tbe quotient will be tbe area of the inston expressed 
in square feet. Multiply this by 144, and tbe product will be the area of the piston 
expressed in square inches. Bind this number, or tbe nearest to it, in the second 
column of Table I., and the corresponding number in tbe first columuwill be tbe 
diameter of the piston in inches. 

Example.— A boiler evaporates 65 cubic feet of water per bour. Tbe pressure of 
steam in tbe cylinder is 20 lbs, per square incb. What must be the diameter of the 
cylinder, so as to give tbe piston a speed of 200 feet per minute ? 

By reference to the first column of Table II. we find, opposite the pressure of 20 ibs. 
in the first column, 1281 in the third column. 

Multiply 1281 by 55 ; 

1281 

■ 55'... : 


Divide tlus by 60 : 


Multiply this by 144 : 


60)70455 

1174*25 

Divide this by 200 : 

200) 1174*25 : 

.■>.■■■' 5‘8712"'' 

Multiply this by 144 : 

5*8712:' 

■ 144 

845-4528 ■ 

In the second column of Table I. we find 842*39 opposite 32| in. or 82^|in. , and 
848*83 opposite 32| or 32^1-^. 

If, then, we take a mean between these, we may assume the diameter of the 
cylinder required to be 32|| inches. 

Question IV. — Given tbe diameter of the piston in inches, the total resistance It 
opposes to tbe moving power, and its speed, to find the power of tbe boiler. 

Bule 4. — Find in tbe first column of Table I. the given diameter. Tbe cor- 
responding number in tbe second column will be tbe area in square inches. Divide 


478 


STEAM ENGINE. 


t 


1 


[ 

i 

t 


the total resistattce of the piston hy this mimher, and the quotient will be the 
resistance per square inch, or the pressure of the steam. Eind this pressure in the 
first column of Table 11., and the corresponding number in the third column will be 
the ratio of the volume of steam to the volume of water which produces it. The 
volume of steam will be found by Eule 2. Let this column be divided by the 
number obtained as above from Table 11., and the quotient will be the power of the 
boiler. 

Example.— I t is required to find how many ouhio feet of water per hour the hoiler 
must evaporate to drive a piston of 34 inches diameter, at the rate of 200 feet per 
minute, against a gross resistance of 18,000 ihs. 

Opposite 3^, in the first column of Talfie I. we find in the second column 907* 92. 

Divide 18,000 by 907-92 : 

907*92)18000 

19*8 


Looking in the first column of Table IL, the nearest number to 19*8 is 20, opposite 
to which, in the third column, we find 1281. 

By Eule 1, we find the area of the piston to he in square feet 


By Eule 2, multiply this by 200 ; 


Multiply this by 60 : 


Divide this by 1281 : 


144)907*92 

~G*305 

6*305 

200 

1261 • 

1261 

60 

75660 

1281)75660 

59*06 


The boiler must therefore evaporate 59 cubic feet of water per hour. 

QuestiokT.— G iven the power of the hoiler, the diameter of the piston and its 
speed, to find the' pressure of steam upon the piston, or, what is the same, its 
resistance per square inch. 

Eule 5.— By Enles 1 and 2, find the number of cubic feet of steam per hour 
which pass through the cylinder. Divide this by the power of the hoiler, and the 
quotient will he the number of cnMc inches of steam which woxild be produced by a 
cubic inch of water. Find this number, or the nearest to it, in the third column of 
Table II., and the corresponding number in the first column will be the pressure 
of steam in the cylinder, or the resistance of the piston per square inch. 

ExAMPiB.^-^TOat total resistance per sqnare^^m^ will a S5-mch piston, supplied by 
a boiler evaporating 55 cubic feet an hour, drive at the rate of 200 feet per minute ? 

In Enles 1 and 2, we find the number of cubic feet which pass through the cylinder 
as follows : the diameter of the piston being 35 inches, we find by Table I. that its 
area is 962*11 square inches ; and by Eule 1, that this is equal to 6*68 square feet. 
Multiplying this by 200, by Eule 2, it gives the product 1336, which, multiplied by 
60, gives 80,160 as the number of cubic feet of steam which pass through the 
cylinder IDivide this by 55, and we find the quotient 1457 Looking in 
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tlie tMrd column of Table II., we find tlie number 1488 opposite 17, and 1411 
opposite 18. Taking a mean between wbicb, we may assume tbe required pressure 
to be 174 lbs. per square inch. 

Question YI.^Given the power of tbe boiler, tbe pressure of steam in tbe cylinder , 

and tbe diameter of tbe piston, to find its speed. 

KuLE 6.— In tbe first column of Table 11. find tbe given resistance or pressure t 
tbe corresponding number in tbe third column, naultiplied by tbe power of tbe 
boiler, will give tbe number of cubic feet of steam per hour wbicb pass tbrougb 
tbe cylinder. Divide this by tbe area of tbe piston in square feet, found by Buie 1, 
and tbe quotient will be tbe speed of tbe piston in feet per bour, wbicb, divided by 
60 , will be tbe speed of tbe piston. 

Example. "--Witb wbat speed will a 3 S'" mcb piston be didven against a resistance of 
20 Ifes. per square inch by a boiler wbicb evaporates 56 cubic feet of water per bour ? 

Opposite to 20 in tbe first column of Table II. we find, in tbe third column, 1281. 
Multiply this by 56: 

1281 

■ ■ M . ■ ■ 

■ , 71736 ■ 

By Buie 1, we find that tbe area of tbe piston in square feet is 6*68. 

Divide 71736 by 6-68: 

6*68)71736 

10739 

Divide this by 60, and tbe quotient, 179, very nearly, wffl be tbe speed of tbe 
piston. 

SECTION XXVII.—ILLESTEATIOm 

Tbe following diagrams and descriptions of tbe principal parts of steam engines, 
wbicb have been explained in general terms in tbe preceding sections, will render tbe 
principles wbicb govern tbe operation and structure of these macbines still more 
clearly and easily understood. 

BAEOMETEB CAXJGB. 

This gauge is constructed in various Barometer Gauge. Siphon Do. 

forms. In tbe annexed figure tbe cistern A r ' 

contains mercury ; the barometer tube is 7^ ^ I f 

immersed in it, and the top ot tbe tube, I K 

formed into a sipbon, communicates with 1 ^ 1| 1, 

tbe condenser ; a stop-cock p being placed ’ 11 T 

between them so as to open or close tbe [ |j j 

communication at pleasure, . ^ * 

SIPHON BAEOMETEB GAUGE. l" ‘*1 t 

Tbe second figure is another form, in wbicb | , 1 1^ p 

tbe barometer is a sipbon, like tbe steam f - 1 ! 

gauge. Tbe tube and stop-cock p commu- 1 I' 
nicate with tbe condenser, and tbe other leg I ' I I 

of tbe sipbon is open to tbe atmosphere. ^ | . I I 

A- bole, stopped by a screw q, is placed in | . I 

one of tbe legs: mercury being poured in |,_ I j| 

at tbe other leg, tbe sipbon is filled until 
the mercury begins to fiow from tbe bole Q, 

Tbe fluid then will stand at tbe same level in both legs. Tbe bole Q being then 
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stopped, and tlie stop-cock p opened, the upper part pq of the tube will be filled 
with the uncondensed vapour of the condenser, which will of course press upon the 
column of mercury in the syphon. 

The other leg of the siphon aK, being open to the atmosphere, will be subject to 
the atmospheric pressure ; and the column of mercury in the leg P Q, which is above 
the level will represent the escess of the pressure of the atmosphere above the 
pressure of the uncondensed steam, which is the indication the barometer gauge is 
required to give. 

This siphon being made of iron, a float is placed on the mercnry at having a rod, 
at the top of which is an index, which plays upon a scale so 
graduated as to express the difference of level of the mercury in 
the two legs of the siphon. 

GLASS WATEB GATJGE. 

In the annexed figure is represented the glass water gauge 
described in the text. Its communications with the boiler are 
opened and closed at pleasure by the cocks r. When the cocks 
r are both open, the upper end of the tube a is in free commu- 
nication with the upper part of the boiler where steam is con- 
tained, and the lower end of the tube ot is in communication 
with the lower part of the boiler where water is contained. 

Water enters below and steam above, and as the pressure in 
the gange tube is the same as the pressure in the boiler, the 
level of the water in the tube will be the same as the level of 
the water in the boiler. At the bottom of the tube is placed 
a sfcop-cook s, for the occasional discharge of water from the 
tube. 



THE SPRING SAFETY-VALVE FOR HIGH-PRESSURE BOILERS. 

In the following figure is represented the safety valve, as used in high-pressure 
engines. The conical valve is represented in its seat, its spindle s being pressed down 
at A by the lever b a c. o is a fixed pivot, on which the lever plays. The pressure 




on the spindle of the valve at A is produced by a nut at b, 
which presses that end of the lever downwards. This nut 
works upon a screw, which screw is attached to a spring 
balance L, the lower end of which is firmly attached to a fixed 
point p. The nut at b may be turned so as to submit the 
valve to any pressure within the limit of the action of the spring 
balance. As the nnt is turned, the spring becomes more and 
more compressed. An index and scale are attached to the balance, the scale being so 
divided as to express the number of pounds per square inch by which the valve is 
pressed upon Thus, if the nut b be turned until the index shows the pres- 




STEAM ENGINE. 


sure of 50 fts., then the force on the yalve will be at the rate of SOTbs. per square 
inch, and the steam will be confined in the boiler until it has attained snch pressure : 
when the pressure exceeds that limit, the lever at b will, by the action of the steam 
on the valve, press the nut upwards with a force greater than the energy of the 
spring, and the spring will conseqnently be further compressed, the valve at the 
same time opening and allowing the escape of the steam. 

There is nothing in the principle of this valve essentially different from the common 
safety valve, directly loaded with a weight ; but in boilers where high pressures are 
used, the quantity of weight which it would he necessary to place on the valve would 
he inconvenient. A comparatively small force, holding b downwards, vdll produce a 
multiplied effect at A, in the proportion of the length of the lever b o to A o. Thus, 
if B 0 be 20 times A 0, a force of 5 ihs. at b will produce 100 lbs. at A. 

watt’s ihdioatob. : 

This little instrument, already described in tbe text, will be rendered more intel“ 
ligible by the annexed diagram ; fig. 1 repre- ^ 

senting a front view in section, and fig. 2 a side — - pi a® 

elevation. The rod attached to the piston plays ,, ^ j, K&i-| 

through a collar at ft. At ;{ is a pencil-holder. 1 I 

At s is a screw by which the instrument is | |i^ | j i 

inserted in a hole provided for it in the top of ' ^ s 

the cylinder. At f? is a stop-cock, by which ^ ^ ^ 

a communication may be opened or shut at ^ A ^ 

pleasure between the indicator and the cylinder, « y 

The piston-rod of the indicator is surrounded by |B 

a spiral spring, the lower extremity of which is S* B 

attached to the piston and the upper extremity to & fl 

a fixed piece e», containing the hole through which I 

the piston-rod plays. When the piston rises, I 

the spring is compressed ; and when it falls, the 

spring is extended. The spring is eg'mZiSno b . Jn E 
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the steam ahoTe the pressure of the uncondensed vapour which resists it, and would 

therefore indicate the effective force of the piston, exclusive of friction. 

But as the piston of the indicator would he in rapid and continued motion, it 
would not he easy to observe and record the limits of its play, and still more difficult 
to note the rapidity of its motion. An ingenious expedient was therefore contrived 
to enable the engine itself to record these effects, which converted the indicator into a 
self registering instrument. A small square frame A B was constructed, the breadth 
of which was somewhat greater than the extreme play of the piston of the indicator. 
In it was placed a card, capable of sliding in a horizontal direction in grooves : a 
string e was fastened to the side of the card, and passing under a pulley, was carried 
upwards towards &, and attached to some part of the macbinery which rises and 
falls with the piston of the engine. Another string / was attached to the other side 
of the card, and canned over a pulley and fixed to a small weight w. When the 
piston rises, the string e is drawn to the left, the card drawn in the same direction, 
and the weight w rises. When the piston falls, the weight w, acting on the string /, 
draws the card to the right. 

Thus, as the piston rises and falls, the card is drawn alternately through a certain 
space left and right. 

Let us now suppose steam admitted above the piston of the engine, pressing the 
piston down; this steam presses the piston of the indicator up, and the pencil tj pass- 
ing on the card, would, if the card were at rest, mark upon it a straight line, the 
length of which would indicate the pressure of the steam ; but as the card is drawn 
from left to right while the piston falls, the piston will describe upon, it a curve by 
the combined effects of the vertical motion of the pencil and the horizontal motion 
of the card. The suddenness of the curvature thus described will indicate the 
rapidity of the action of the steam on the piston. • 

When the piston has reached the bottom of the cylinder, and the upper exhausting 
valve is opened, a vacuum is produced in the cylinder, which vacuum extends to tbe 
indicator, the piston of which therefore descends, the pencil ^ descending at the same 
time and at the same rate. While this takes place the card is moved from right to 
left, and a corresponding curve described upon it by tbe pencil, the curvature of 
which will indicate the suddenness with which the vacuum is produced, as well as its 
degree of perfection. 

From what has been stated it will appear, that in a single ascent and descent of 
the piston, or in one stroke, as it is technically called, a diagram will be formed upon 

the card, which will 
exhibit not only tbe 
entire mecbanical effect 

'& r' ' • of tbe steam acting on 

“ one side against the 

" I "" uncdndensed vapour on 

other, bnt wiU shew 
the entire character of 

A -4^^ — its progressive action 

; d \ j at every point of the 

-I — 1~ ! LJ J X stroke. Such a diagi’am 

•ol p pp,pu y ^ •. -Ta . xi 

IS exhibited in the an- 
nexed figure. Let ox be a horizontal line. Let ot be the “vertical scale which 
the pressure of the steam according to the movement of the indicator. 
Let <> be “the level to which the pencil wonld he depressed, if there were a 
perfect vacutm fc; the, cylinder ; then tbe height of the pencil at any moment above 
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tlie level of the liorizontal line ox ■will indicate the absolute pressure of the steam in 
the cylinder, independently of any consideration of the pressure of the atmosphere. 
Let A be the position of the pencil at the moment steam is admitted above the piston. 
By the action of the steam the pencil mil suddenly start up to b, and after the piston 
has commenced its action, it will rise a little higher, the card meanwhile being drawn 
to the left. The line will he traced on the card hy these means, as represented at 
B ww^and m'^ As the piston approaches the bottom of the cylinder, if the steam he 
cut off before the completion of the stroke, the pressure will dimmish, and from o to e 
the pencil will fall. Let e he its position at the end of the stroke, the card being 
nnderstood to be moved from right to left through the space p q during the stroke. 
We may consider this motion of the card as representing the motion of the piston, 
with which it is simultaneous and proportionate. A.t the commencement of the stroke, 
the height A p of the pencil above 0 X represents the pressure of the uncondensed 
vapour which was then above the piston ; the height B P represents the pressure of the 
steam immediately on its admission ; the height mp represents its nearly uniform 
pressure thronghout the former half of the stroke ; and the decreasing height of the 
curve from c to E, above the line 0 X, represents the decreasing pressure of the steam 
throughout the remainder of the stroke. E Q represents the pressure of the steam at 
the termination of the stroke. 

The piston now commences its ascent. The npper exhausting valve being opened, 
and the steam allowed to flow to the condenser, according as it is condensed a 
vacuum is formed while the piston is rising, and while the card is moved hack from 
left to right under the pencil. Starting from e, the pencil begins to fall, and falls 
more and more as the vacuum becomes more perfect. At a the vacuum attains its 
most perfect state, and the line from a towards A continues nearly horizontal, its 
height above 0 x representing tbe nearly uniform pressure of the uncondensed 
steam ; but just before the termination of the stroke the steam is admitted from 
the boiler, and the pencil rises to a. The height of the curve i a A at every point 
represents the varying pressure of the uncondensed vapour which resists the ascent of 
the piston. 

Now although that portion of the curve below the line ae represents the state of 
the vacuum above the piston during its ascent, it may he taken to represent the state 
of the vacuum below the piston in its descent, for the same circumstances which 
affect one equally affect the other ; and we may consider the diagram generally as 
representing not only the pressure of the steam which urges the piston downwards, 
hut also that of the uncondensed vapour which resists its descent. 

It appears then that the varying heights of the points of the upper curve 
B OE represent the varying pressures on the piston during its descent; and the 
average pressure upon the piston may be obtained by taking the average of these 
heights. 

In like manner, the heights of the lower curve A o E may be taken to represent 
the varying pressures or resistances of the uncondensed vapour Under the piston 
during its descent; and the average of aU these heights will give the average of such 
resistances. If then we subtract the average of these resistances, represented by the 
lower curve, from the average of the pressures represented by the upper curve, we 

shall obtain the effective pressure of the steam in urging the piston. 

However accurately such an instrument as this may he constructed, it must be 
admitted that it cannot he depended on as affording any exact measure of the power 
of the piston. Its chief value, as stated in the text, is the indication it affords of the 
degree of perfection of the vacuum and of the suddenness of its formation. The curve 
E a should fall to its least height speedily. It is not until it attains its least height 
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ttat the vactram lias attained its greatest perfection. For tiie rest, the use of the 

instrament is sufficiently explained in the text, 

SHE SLIDE YALYES. 

In the annexed figures are represented forms of slide valves, 


Fig.l. Fig.2. Fig,3. 



pipe leading to the condenser ; i is the rod which is attached 

to the slide, moving through a stuffing-hox m This slide is represented 

in longitudinal section, separately, in fig. 3, and in transYerse section in fig. 4, 

In the position of the slide represented in fig. 1, the steam passing from the 

boiler enters at s, and passes to the bottom of the cylinder through the opening 5, 
and acts below the piston, causing it to ascend. The steam which was ahoYe the 
piston escapes through the opening at oc, and descending through a longitudinal open- 
ing in the slide behind the mouth of the steam pipe, finds its way to the pipe c, and 
through that to the condenser. 

When the piston has reached the top of the cylinder, the slide will have been 
moved to the position represented in fig. 2. The steam now entering at s passes 
through the opening a into the cylinder above the piston, while the steam which was 
below it escapes through the opening 6 andthe pipe e to the condenser. 

The form of the valve, from which it derives its name of D-vaive, is represented in 
fig. 4. The longitudinal opening through which the steam descends then appears in 
see^^ of a semicircular form. The packing at the back of the slide is represented 
at h ; is ptessc^ against the surface of the valve box. 
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SECTION I,"— RELATION BETWEEN THE WEiaHT OE EUEL AND THE HEAT 
WHICH IT GENERATES. 

The prololem of measuring tlie heat evolved in. the combination of bodies is one of 
essential importance in connection with many of the arts of life, and has accordingly 
received the attention of distinguished scientific men. Count Bumford, Crawford, 
Watt, Blach, Lavoisier, Dalton, M, Despretz, M.Dulong,M. Hess, M. Arago, Berzelius, 
Dr. Ure, are amongst the names of those who have devoted themselves to the inqtuiry. 
The results of the earlier experiments must he regarded as approximations towards 
the more precise data which have been within the last few years obtained j and the 
conclusions derived by the first labourers in this branch of science have conse<iuently 
undergone considerable modification. 

The experiments of M. Dulong, and of others subsequently, especially those of 
M. Hess, and of Dr. Andrews of Belfast, appear to have been conducted with the 
greatest accuracy, and with those precautions, as regards the arrangement of the appa- 
ratus, the mode of manipulation, and the reduction of the observations, which are 
indispensable to insure correct and consistent results. 

These experiments may be considered as establishing the following general con- 
clusions.f 

The g^uantity of heat disengaged hj different suhtances is veoy differ^^ 
Hydrogen, for instance, produces about four times the heat derived from an equal 
weight of carbon, and fourteen times the heat from an equal weight of sulphur, in 
the act of combining with oxygen. The observations of the earlier inquirers, including 
some by Despretz, indicated a constant relation between the weight of oxygen which, 
entered into combination with the burning fuel and the heat that was evolved j in 
other words, that a pound of oxygen would generate in each case the same quantity 
of heat, whether in combining with hydrogen, carbon, alcohol, ether, or other com- 
bustibles. This conclusion, which would not be inconsistent with the law expressed, 
inasmuch as the combining proportions of oxygen and combustible bodies differ 
greatly for different bodies, is, however, not supported by later experiments. 

The guaniities of heat evolved are (nearly) the same for the same suhstancef no 
matter at what temperature it hums, 

From tbis law it follows, that the rate at which combustion may proceed does not 
affect the quantity of heat produced by a given weight of fuel. The rate of combus- 
tion is proportional to the temperature excited and to the supply of oxygen delivered. 

A pound of carbon generates precisely the samequantity of heat, whether it is burnt 
with rapidity in an intensely heated furnance, under the influence of a powerful blast, 
or whether it is consumed slowly in an Arnott’s stove, wherein the supply of oxygen 
is purposely limited, iu order to moderate the intensity of the heat, and prolong the 
duration of the effect. 

Some engineers have believed that the greatest economy in fuel is obtained in 
cases of very slow combustion, and this mode of applying heat has been adopted with 
apparent advantage in the so-called ‘ ‘ Gornish boilers ; ” but if the fact be so, for which 
reasonable doubt exists, the cause is owing partly to the retention of the heat for a 

* Extracted from Observations on the Consumption of Fuel and the Evaporation of Water 
in Locomotive and other Steam Engines.” By Edward Woods, Esq., C.E. 
t See “Phil. Mag.,” July, 1811 : “ Summary of Discoveries on the Heating Powers of Bodies.” 
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* Mag*” Aug. Sept. 1844. 

t Table of JResuUs of JDr. Andrews’ Bx^mments on other Substances. Thil. Mag.” Aug, 

Se^t.im. 


1 gramme carbonic oxide 

1 do. marsb. gas 

1 do. olefiant gas 

1 do. alcobol (sp. gr. 

1 do. sulphur 

1 do. phosphorus 

1 do. 25nc . 


evolves 2431 units of heat. 


do. 

marsh gas , . . 

„ 13108 

do. 

do. 

olefiant gas . . 

. . „ 11942 

do. 

do. 

alcohol (sp. gr. 0 '7959) at 59 

"Fahrenheit „ 6850 

do. 

do. 

sulphur 

„ 2307 

do. 

do. 

phosphorus . . . 

. . „ 5747 

do. 

do. 

2lnc . . . . 

„ 1301 

do. 


1 gramme (French) = 

*00220606 B)8. avoirdupois. 



loo degrees centigrade = 

180 degrees Fahrenheit. 



t 14220 units -5- 972" = 14*6, 

60864 do. -^972" == 62*6. 

I Ihe second measure of heat, here adopted, is a common and convenient one ; hut it may 
he necessary to explain that it supposes the heat imparted to the water to he directly and 
entirely carried off in the steam and lost, and by no means involves the proposition, that under 
cerfe^ htbier oircumstances, — as for instance when the heat of steam evaporated in one stage 
of tho ;^eess Js appEed to the evaporation of water in a subsequent stage,— the duty of fuel 
cannot he infeteiated beyond the numbers here given. 


b 

A 

. 


longer time in the spaces around the boiler, and thereby increasing the ratio of the 
heat absorbed by the boiler to the heat which escapes up the chimney ; and partly, 
perhaps, also, with certain descriptions of coal, to their inability to withstand an 
intense heat very suddenly applied, without undergoing a change of form which is 
unfavourable to a complete combustion. 

The quantities of heat evolved by carbon and hydrogen, as ascertained by Dr. An-* 
drews,* whose results accord very closely with those of M, Dulong, are as follows : 

1 gramme carbon evolves 7900 (^^reneh) units of heat# 

Ido, hydrogen „ SE808 ditto.^^^^^^ ^ ^ ^ ^ ^ 

The unit they adopt is the amount of heat required to raise, through one degree 
centigrade, one gramme of water at the temperature at which the experiment is per- 
formed. f' 

Eeducing the results to English weights and measures, and tahing the unit as the 
amount of heat required to raise through one degree Fahrenheit one avoirdupois pound 
of water at the temperature of the experiments, we find that in combining with oxygen 

1 pound of carbon evolves 14220 (English) units of heat. 

Ido. of hydrogen ,, 60854 ditto. 

These amounts of heat, applied to the evaporation of water already raised to the 
temperature of 212° Fahrenheit, assuming that the latent heat of steam of the same 
temperature is 972®, would produce the following effects : 

1 pound of earhon will evaporate 14*6 pounds water from 212° Fahiv 
I do. of hydrogen j, 62*6 ^ ^ ^ 

These numbers may be therefore taken to express the highest^ duty which the 
above-named elementary substances, in their purest state, can possibly accomplish, 
supposing the entire heat disengaged to be communicated to the water, and none lost 
by external radiation and conduction. 

The duty expressed by the above numbers we shall term the ‘theoretical” duty of 
the fuel in evolving heat, not using the word to denote an effect not yet ascertained in 
fact, but by way of contrast to the effective working duty of fuel as used in common 
practice. , 
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It is almost superfluous to state, that the necessary conditions for obtaining the 
‘ ^ theoretical ” duty, as regards the purity of the fuel and the prevention of extraneous 
dispersion of heat, can only be fulfilled approximately ; but it is nevertheless im- 
portant to hnow the ultimate limit of duty, in order to be able to compare it with 
the actual working duty in each case of the application of fuel in the furnace. $ he 
difference will render manifest the amount by which the working duty falls short of 
the theoretical, and the proportion between the one and the other will be the true 
measure of the degree of perfection attained in any given boiler and furnace. 

The heat evolved in the combustion of certain of the compound gases is the same 
(nearly) as that evolved in the combustion of their constituents separately. 

This law* holds good in regard to the gases compounded of carbon and hydrogen. 
Such, in fact, are the gases distilled from bituminous coal when exposed to a red heat. 
Let us apply the law to the cases of light carburetted hydrogen and olefiant gas. 

Light carburetted hydrogen is composed of 

Carbon . , , . ... 1 equivalent; weights 6*12 

Hydrogen . . . . . . 2 do. do. =2-00 

Light carb* hydrogen , . .1 equivalent ; weight = 8*12 
Supposing the elements to be burnt separately, 

The carbon would produce 48348 units heat = 7900 x 6*12 
The hydrogen ,, 67616 do. =33808 x2 


which number, divided by the weight 812, gives a quotient of 14281 units of heat 
for each gramme of the compound. 

The heat resulting from the combustion of light carburetted hydrogen is in fact 
(see Table, page 486) 13108 units. 

In the case of olefiant gas the agreement is closer. Olefiant gas is composed of 
Carbon . . . . , . , 4 equivalents; weight 24*48 

Hydrogen . . . . . , 4 do. do. 4*00 

Olefiant gas . ... . . 1 do. do. 28*48 

Supposing the elements to he burnt separately, 

The carbon would produce 193392 units of heat. 

The hydrogen ,, 135232 do. 

328624 do. 

which number, divided by the weight 28*48, gives a quotient of 11539 units of heat 
for each gramme of the compound. 

The combustion of 1 gramme of olefiant gas produces (see Table, page 486) 11942 
units of heat. 

From the above considerations it would at first sight appear probable that the 
heating duty of fuel is equal (nearly) to the sum of the separate duties of its con- 
stituent combustible elements, supposing these to be fuHy oxidised ; and that when 
the composition of any given coal or coke is known, its theoretical value in generating 
heat could be assigned accordingly. But it so happens that the elements out of which 
the gaseous combustible products of coal are formed exist in coal in the solid state, 


* The correspondence may be conceived to be the closest when the constituent gases, in 
combining, neither set free nor bind any heat. 
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and require for tlieir conversion into tlie gaseous state, and before they are in the 
condition themselves to burn and evolve heat, a large quantity of heat derived from 
the jDrevious combustion of other parts of the fuel. The quantity of heat thus 
abstracted has never been accurately ascertained, but is supposed, on a rough com- 
putation, to amount to little less than the heat afterwards evolved in the combustion 
of the gas. It has accordingly been often remarked that those coals which contain 
the least gas are practically the strongest. 

In the absence of dii-ect experiment, we are perhaps not justified in assuming that 
the heating value of any description of coal containing hydrogen exceeds that of the 
caidoon it contains. 

Upon this assumption, the following rule for the heating value of fuel will apply : 

Multiply the weight (in lbs.) of carbon in the fuel by 14 '6, and divide the product 
by the weight of the fuel in lbs. : the quotient is the theoretical heating power of 
1 lb. of the fuel. 

Thus, for instance, to take the best Newcastle caking coal, which on an average of 
specimens was found by Mr. Eichardson (see ‘‘Phil. Mag.” 1838, vol. xiii. p. 121). 

88'0 carbon. 

5*2 hydrogen. 

6*4 azote and oxygen. 

1*4 'ashes... ■- 


100-0 

Carbon 88 X 14 ‘6 = 1284*8 ^ 

Theoretical duty of 1 lb. of dry coal is equal to 12*84 lbs. water evaporated from 
212° Fahrenheit. 

When it is considered that even in the same mines the quality of the coal varies 
materially, and that, comparing the bituminous coals obtained from dififexent mines, 
the proportion of carbon ranges from 60, or even less, to 88 per cent., and the 
quantity of ashes from 1 to 16 per cent, and upwards, it is obvious that no constant 
expx'ession of the value can be assumed, but that it is necessary in each case to ascer- 

taia the specific composition and assign the duty. 

We shall hereafter inquire how far the theoretical and working duties differ, and 
explain some of the causes of the difference. 

Eelatim 'betmen Mechanical Force an^ the Meat which produces it 

One of the most important and interesting inquiries relative to the steam engine 
is that which traces the connection between the heat expended and the force 
produced. 

The method of separate condensation discovered by Watt, — the application by 
Woolf and Hornblower of the force of expanding steam,— occasioned an important 
change in the relation of heat to power, and increased in a remarkable manner the 
dynamical value of fuel. 

There are no sufficient grounds for concluding that the improvements in the steam 
engine subsequently made, and extending even down to the present time, have 
reached the highest point of the scale. On the contrary, there is strong evidence of 
the existence of a'margin in the field of economy, in the working duty of fuel, ample 
enough to occupy the husbandry of many labourei’S for some time to come, and 
holding out the prospect of a good return. 

treceait inquiries of some scientific men, whose attention has been engaged on 
the sub|s<!!i ^ relation between heat and the mechanical effects it produces, have 
resulted' m ihCf d& of the principle, that the action of a given amount of heat 
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nay le represented ly a constant mechanical worh performed ; that is to say, by the 
elevation of a determinate weight through a determinate height. 

This constant of work for the nnit of heat has been termed ^ t7he mechanical 
erpdmUnt of heatf and expresses the maximum limit of duty which, on the assump- 
tion of the truth of the above-named principle, that unit of heat can possibly 
perform. 

It has been shown that, through whatever medium or carrier the mechanical work 
of heat may be developed or conveyed, whether by means of the vapour of water 
or other liquids, or by means of atmospheric air or other gaseous matter, the same 
amount of work is invariably the result. 

This constant of work is many times greater than the work hitherto obtained from 
the best condensing expansive engines. 

M. Clapeyron, in his treatise on the moving power of heat, and M. Holtzmann of 
Manheim, who availed himself of the labours of M. Glapeyron and M. Carnot in the 
same field, grounding their investigatioij^ on the received laws of Boyle or Mariotte, 
and Gray-Lussae, which express the observed relation of heat, tension, and volume in 
steam and other gaseous matter, have by theoretical inquiry arrived at the conclusion 
that— ' 

The mechanical equivalent of the quantity of heat capable of increasing the 
temperature of 1 tb. of water hy one degree of Fahrenheit’s scale is a mechanical 
force capable of raising a weight between the limits of 626 Tbs. and 7S2 Tbs. one foot 
high. 

Mr. Joule, of Manchester, proceeding by entirely diferent, and independent, and 
in fact purely experimental methods, concludes that the mechanical equivalent of heat 
may he taken at 782 lbs. raised one foot. 

The mode of investigation pursued by the continental philosophers, especially hy 
M. Holtzmann,* may be thus hriefiy explained. 

They suppose a given weight of steam, or gaseous matter, to he contained in a 
vertical cylinder formed of non-conducting material, in which is fitted an air-tight 
but freely moving piston. This piston is pressed downwards hy a weight equal to 
the pressure or tension of the steam or gas. The weight, initial temperature, pres- 
sure, and volume' being known, a definite quantity of heat from without is supposed 
to he imparted to the vapour. 

The result will be partly an elevation of tbe temperature of the vapour, and partly 
an increase of volume, or, in other words, a motion of matter, the pressure or tension 
remaining the same. 

But the result may he represented simply and solely hya motion of the matter 
(dilatation). For this purpose it is only necessary to allow the vapour to dilate 
without any loss of its original or imparted heat until it re-acquires its initial tem- 
perature.' 

In this case the final effect is simply dilatation of the vapour under the subsisting 
pressure; and the mechanical work done is represented hy the product of that pres- 
sure into the space through which it has been made to recede. 

Mr. Joule’s estimate of the mechanical equivalent of heat is derived from three 
distinct classes of experiments. 

1st. From the calorific effects of magneto-electricity. (* Phil. Mag.M84.% vol. 
xxiii. p. 263.) 

This method is to revolve a small compound electro-magnet, immersed in a glass 

* ‘ tlber die Warmc mid Elasticitllt dcr Gaso und Dilmpfen.* Von C. Holtzmann. Manlicira, 


I ■! ■ ‘ 


, 


It'/' / 


3 ^ 






490 


STEAM ENGINE^ LOCOMOTIVE, 



vessel containing water, "between the poles of a powerful magnet; to measure the 
electricity thence arising by an accurate galvanometer ; to ascertain the calorific effect 
of the coil of the electro-magnet by the change of tempratnre in the tvater surrounding 
it Heat is proved to he generated by the machine, and its meehanical effect is 
measured by the motion of such weights as hy their descent are sufficient to keep the 
machine in motion at any assigned velocity. 

2ndly. From the changes of temperature produced hy the rarefaction and con- 
densation of air, (^Phil. Mag.,’ 1845, vol. xxvi., p. 369.) 

In this case, the meehanical force producing compression being known, the heat 

resulting was measured by observing the changes of temperature of the water in which 

the condensing apparatus was immersed, 

Srdly. From the heat evolved hy the friction of fluids. Phil. Mag., 1817, vol. 
xxxi., i>. 173.) 

A brass paddle-wheel, in a copper can containing the fluid, was made to I’evolve by 
clescejiding weights. Sperm oil and water as the fluids gave the same results. 

yheiiiechamcaleq.uivalentofthe'unitofheat'was— 

As assigned by the 1st method, 838 lbs. raised 1 foot. 

,, 2nd do. 7951bs. do. 

,, 3rd do. 7821bs. do, 

Mr. Joule considers the last method as likely to give a more accurate result than 
either of the two former ; and it is remarkable that the equivalent given by the third 
method, viz., 782 lbs., should be identical with the major limit assigned by 
Holtzmann.. . ' 

We shall, however, prefer to take the mean adopted by Holtzmann, and to consider 
th e meclianicdl equwalent of the %mit of heat as represented by a weight o/ 682 lbs. 
lifted one foot Ugh; the unit of heat being the quantity required to raise the tem- 
perature of a pound avoirdupois of water one degree Fahrenheit. 

The Worhing Diitg of Fuel as regards the Production of Stea/itb. 

It has been shewn that the amounts of heat obtainable from carbon and hydrogen 
respectively are such as in the case of the combustion of 

11b. of carbon would suffice to evaporate 14*6 Bs. of water from 212° ; 




and in that of the combustion of 

life, of hydx’ogen would suffice to evaporate 62 ’6 lbs, of water from 212° ; 

but that the effect of any heat given out by the combustion of the hydrogen is in great 
measure neutralised by the absorption of heat necessary to volatilise the hydrogen 
and it has been observed that such results are not attainable in practice, in consequence 
of the diversion of the heat evolved into other channels than those which conduct it 
directly into the vrater. To this may he added, that in the common instances o 
so-called combustion, the combustion is only partial, a portion of the fuel being dissi- 
pated without undergoing combustion at all 

Whatever diffei-ence may be found practically to exist between the actual and the 
theoretical duty of the fuel consumed under any given boiler, or given system of firing, 
may be assigned to one or other of the above causes ; and in the comparison of different 
boilers or modes of firing, the amounts of difference, as expressed by the ratios between 
the actual and theoretical duties, would constitute a scale hy which the commercial 
value of any particular apparatus or system of firing can be tested. 

In' the Oofmish holier a duty equal to 10*29 lbs.* water, evaporated from the tem- 
perature of 212°, has been obtained from 1 lb. of coal 

* Report on the Ctoals suited to the Steam Navy. By Sir H. De La Beche and Dr. Lyon Playfair. 
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In the cylindrical hollers used in the manufaetnnng district of Manchester, the 
duty does not appear to exceed 7 lbs. water evaporated from 212° by 1 !b. of coal. 

In %\Q locomotive boiler it has been found, on the average of an extensive series of 
experiments on the engines of the Livei’pool and Manchester Railway, that the duty of 
1 lb, of Hulton or Worsley coke is equal to the evaporation of 8| lbs. water from the 
temperature of 21 2°.' 

In the larger engines of the Gfreat Western Railway nearly the same duty is obtained. 
Mr. Gooch* states that their last-constructed engines (the area or tube surface being 
from ten to eleven times the area of the fire-box) evaporate 8 to 94 lbs. of water 
with 1 B. of coke, according to the rapidity of evaporation ; the slowest evaporation 
with a given sized holler producing the best result. 

The variation in the heating quality of different descriptions of coke from different . 
mines is often very great. In Lancashire the Hulton and Worsley cokes rank highest. 
Representing the duty of these by 100, it was found by trial that the duty of cokes 
from six other mines was represented hy the following numbers : 76x%, SOf^, 

81^, 89, 905 ^. In some instances the inferior duty was partly occasioned by the 
tenderness of the coke or inability to withstand the action of the blast ; the large 
pieces breaking up into small ones, and these either falling through the bars or being 
carried off by the draft. 

The above general resnlts in the three most important classes of steam engine boilers 
will serve to shew that considerable loss of heat takes place in each case. It does not, 
however, appear likely that the locomotive boiler can be pushed to perform a much 
higher duty, taking into account the mechanical limits imposed in its construction. 
But there is no sufficient reason, except in so far as the comparative cost of alterations 
and that of anticipated saving in fuel may influence the owner of the boiler in incurring 
an immediate expense, wliy the pei^ormances of the majority of stationary engine 
boilers should not be materially improved. 

We proceed to consider briefly the circumstances which occasion a diversion of a 
portion of the heat generated, and dissipation of part of the fuel unconsumed. 

Diver mn o;f Heat generated. 

This may be ascribed clnefly to one or other of the following causes : — 

1. Ya'peruationof tliehygrornetTU imiter, 

Coal, in the state in which it is obtained from the mine, contains from 1 to 2 per 
cent, of water : when exposed to the atmosphere, and especially to rain, it of course 
imbibes a further quantity, which is greater or less in proportion to the moisture of 
the air and to the size of the particles of coal ; the smaller kinds, and especially what 
is termed ‘slack,’ being more retentive than the round coal. This water must be 
converted into vapour before combustion takes place, and the heat necessary for its 
conversion must be derived from other portions of fuel undergoing combustion, and 
is consequently not communicated to the boiler. 

Coke, being of a much more porous or spongy texture than coal, absorbs frequently 
as much as 7 per cent, of water in its passage from the oven to the place of consump- 
tion in uncovered waggons. A difference in the hygrometrie state of the atmosphere 
has a marked and rapid effect on the amount of hygrometrie moisture in coke. TJpon 
accurate weighing it was found that a quantity of coke delivered in rainy weather, 
and afterwards exposed for a few daysfo a drying wind, was reduced from 388 cwt. 
to 360 cwt. Hence will he seen the advantage of keeping the coke dry until the time 


* ‘Report of Commissioners of Railways respecting Railway Communication between 
London and Birmingham/ 1848, p. 57. 
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it is actually put into tlie furnace j for not only is tliere in damp fuel a less q^uantity 
of combustible matter than is paid for, unless due allowance be expressly made, but 
there is a positive reduction of effective power in the combustible portion itself. 

Thus, to take the instance cited of coke with 7 per cent, of moisture : 

100 Bs. ‘of such coke contains 93 ms. dry fuel, and 7 lbs, water = 100. 

The 93 lbs. dry coke are competent in practice to evaporate 8 1 times 
its weight of water . . . . • . • • * = 790 lbs. 

But 7 lbs. water contained in the fuel must first he evaporated . , = 7 lbs. 

There remains, therefore, as the effective quantity of water evaporated 
by 100 lbs. of damp fuel « . . . . • . . == 783 lbs. 

Whereas 100 lbs. dry coke evaporate 850 lbs. water. 

This is equal to a diminution of effective duty in the proportion of 850 to 783, or 
about S per cent. 

In every contract for the supply of coke it is advisable that the contractor should be 
hound to send it in closed waggons, or waggons covered with water-proof sheets ; and 
the coke depots should be so constructed that the waggons may be unsheeted, and the 
coke weighed out and stocked under cover. 

2. Production of such elevation of the tem-perature of the air or gases in the 
chimney as may he Teguired to oUain the draft* 

In the fixed engine furnace the necessary draft is maintained by the differential 
pressure, as between a column of heated and rarefied air in the ohiraney-stalk and a 
column of the colder air without, of equal area and height ; the difference of tempera- 
ture being maintained by the constant accession of heated gaseous matter to the 
contents of the chimney, which are constantly discharging themselves from the top. 
It should be the object to render this loss of heat a minimum. The quantity of heat 
carried off is directly proportional to the quantity of gaseous matter which escapes 
from the flue into the chimney, and to the temperature at which it escapes. The 
quantity is a minimum when, for the combustion of any given weight of fuel, no more 
air has been allowed to pass through the furnace than suffices fully to oxidise the 
elements of the fuel ; and the temperature is a minimum when it does not exceed, 
unless by a few degrees, the temperature at which the water is being converted into 
steam of the assigned pressure. When the fire is contained in a box surrounded by 
water to be beated, as in a locomotive engine, the grate-bar frame should be made to 
fit closely to the sides of the box ; otherwise the surface of the plates adjoining will 
be insulated from the action of the fire by a stream of cold air rushing upwards 
between the frame and the box, — a frequent source of waste of fuel. 

In the case of the locomotive engine, the draft is obtained mechanically by the 
application of the steam already generated ; and its intensity is liable to considerable 
variation under differences of pressure in the cylinders, and differences of velocity of 
the piston. . , 

The current of heated air through the tubes may be made to become so rapid as 
not to afford the necessary time for imparting all the heat which under a milder draft 
would he taken up by the absorbent surfaces, and a quantity of surplus beat is carried 
to waste up the chimney. 

In former years the draft in the locomotive engine was solely obtained by the action 
of t^e blast-pipe. The introduction of the ^ close ash-pan,’ that is to say, an ash-pan 
clb^ed bjslow and on all sides except the front, — the front being left open to receive a 
rush ol ak- produced by the velocity of the train, — ^has had the effect of relieving the 
blast-pipcf frdha a pswrt of its duty, and of saving steam and fuel to that extent. It is, 
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Lowevet, to be observed, that tbe saving is less on lines of undulating gradients tlian 
on those in wMcb comtant tension on the fire is needed ; for whilst the engine is 
descending a gradient with steam out off, it is obviously desirable to stop the passage 
of air through the fire ; hut the present form of ash-pan prevents this from being 
entirely done, and there is a certain waste of fuel on descending gradients to set against 
the saving on other parts of the road where artificial power is required. The remedy 
would be to have some ready and simple means of controlling the admission of air ; if 
snch means were provided, both before and behind the ash-pan, the engine would 
generate steam equally well, whether running backwards or forwards. 


Conduction through solids composing the furnace and "boiler^ and radiation 
fromthesame, 

The greater economy of fuel obtained in the Cornish boilers appears in great measure 
to arise from close attention to this point ; these boilers and furnaces being, in fact, 
buried in a mass of badly conducting material, such as ashes, brickwork, &c. 

The locomotive boiler is particularly exposed to loss of heat from this cause, almost 
every part being in rapid motion through and in constant contact With the atmosphere, 
a thin layer of imperfectly-conducting material only intervening. It is usual to clothe 
the boilers with a layer of felt, then with hoards, and over them a thin casing of zinc 
or oil-cloth stretched tightly, painted and varnished to turn off the wet. The high 
temperature of the steam acting through the boiler-plate often converts the felt or 
inner surface of the wooden hoards into charcoal, which is a still inferior condnetor. 
Nofewithstanding these precautions, there is some radiation and waste of heat. 

In outside -cylinder engines, the cylinders are unavoidably placed in a position calcu- 
lated to cool their surfaces, and diminish the pressure of the steam within, in which 
respect they work to some disadvantage as compared with inside-cylinder engines, 
which have their cylinders enclosed in the hot smoke-box. 

4. Dispersion of dieafed water hy 2 '^riming and leahage. 

This water, suspended mechanically in the steam, and passing with it by the force 
of the current along the pipes and through the cylinders, without producing any 
dynamical effect, abstracts as much heat as was expended in raising its temperature 
from that of the feed- water to the temperature of the issuing steam. The quantity of 
water and consequently of heat thus carried off is dependent chiefly on the incidental 
circumstances of the purity of the water used, that is to say, its freedom from mud or 
greasy matter’, and of the steam room given above the surface of the boiling water. 
The steam room in locomotive boilers being necessarily somewhat more contracted 
than in fixed engine boilers, and the rate of evaporation in respect of the size of the 
boiler being much greater, there is more tendency to loss of heat from this source. 

The best preventive of this loss consists in properly blowing off and cleansing the 
boilers at prescribed intervals, and in attention to the purity of the feed-water sup- 
plied. With these precautions, the loss in a well-constructed boiler, with properly 
arranged steam dome and steam pipes, becomes very trifling and scarcely appreciable. 

Leakages in boilers are often occasioned by the unequal expansion of parts unequally 
heated, or of parts formed of different metals whose rate of expansion under equal 
increments of temperature differs ; and such leakages are apt especially to occur after 
sudden and great variations of temperature, as in boilers after being blown off* 
Instances are well known in which from such causes a whole set of tubes has suddenly 
begun to leak. 

Dissip>ation of mieonsumed Fuel, 

In every furnace a certain amount of heat is lost in two ways ; first, by an absolute 
loss of nnbnrnt substance of the fuel, whielKmay be termed a mechanical loss, inasmuch 
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as it proceeds from circumstances connected with the physical condition of the'coal, or 
from imperfection in the mechanical apparatus of the furnace ; and, secondly, hy the 
incomplete combustion of the elements into which the fuel has been resolved by heat. 
The latter has its origin in the want of clue regard to the chemical relations of the 
combining elements. 

1, Mechanical dmipatmi of the fuel. 

Amongst the ashes which fall from the grate-bars of a furnace there is al ways pre- 
sent a quantity of unconsumed solid fuel. The quantity depends, other things being * 
equal, on the practical relation between the total area of air spaces and the width 
between the bars. The area of fire-grate being given, the bars must be arranged so 
as to present the least possible impediment to the passage of air through the fuel, 
whilst at the same time they afford effectual support even to the smaller pieces. For 
this reason it is desirable to make the grate-bars as thin as the strength or durability 
of tlie material (cast or wrought iron) will allow, adding in depth to make up for 
deficiency in thickness. The spaces between the bars are adapted to the nature of 
the fuel. In the case of small coal and slack the spaces must be more contracted than 
where rounder coal or coke is employed. Experience soon shows what is the best 
proportion. 

For the best qxialities of coke, in the locomotive furnace, the following proportions 
have been found, on fche Liverpool and Manchester Hallway, to work with the best 
effect : 

, Thickness of bars . . * . . • 4 inch. 

Width of air spaces . . * . * 1 do. 

With these dimensions, the proportion borne by the entire area of air spaces to that 
of grate sniface is as 67 : 100. 

The thinner the bars, the more will the proportion be increased. Probably a bar 
less than 4 an inch thick could not be made durable.* About f -inch is a common 
thickness for locomotive furnaces. With such bars, and 1-inch spaces between, the 
proportion of air space to total area of grate surface is as 57 to 100, shewing a 
reduction of 10 per cent, of air space as between 4 -inch and I -inch bars. 

Hence the rate of evaporation is diminished, or, if the air spaces be widened to 
compensate for the extra thickness of the bars, an attendant loss of fuel is 
/incurred. 

By proper management, this inconvenience and loss may in great measure be pre- 
sented. For this purpose it is only necessary to adapt the quality of the coke, with 
respect to its dimensions, to the particular duty it has to perform. Engines running 
with express or other quick passenger trains, and making few stoppages, require a 
maximum rate of evaporation which can be attained by feeding only with large round 
coke, thus allowing the air free access to the interior of the burning mass. The rule 
formerly practised on the Liverpool and Manchester line was to sort the coke from 
the waggons into three qualities by the rake. The first quality, or large round 
coke, was delivered to the passenger engines ; the second quality, of an inferior 
size of round coke, to the luggage engines ; and the third, of still less dimensions, 
to ballast engines. Thus the two latter classes of engines performed their work 
,,as efficiently as before, and the passenger engines obtained the benefit of the 


' ^ and 1-inch spaces, the destruction of fire-bars on the Liverpool and Man- 
chester bh mileage of 320,000 miles,Tduring the period extending from January 1st 

to November Ifith, 1$4;1, was 5 tons 16 cwt. ; Hulton or Worsley coke alone being used. 
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increase of Si)eed wliioli tlie first quality of coke afforded by increasing the rate 
of evaporation. The entire coke purcliased was thus made to render effective ser- 
vice ; for previously there had been miicli waste occasioned by the firemen sorting 

it for themselves on the journey, and throwing out on to the road what they con- 
sidered refuse. 

Coke is frequently wasted from want of attention to the fixing of the fire-bars ; for 
unless these are closely wedged or jammed into the frame which supports them, the 
rapid motion of the engine will cause an incessant friction upon the surface of the 
fuel at the bottom of the fire, and work a portiomof it down into the asb-pan. 

The power of fuel to resist meebanioal dispersion in the furnace depends on its 
physical character. 

Some kinds of coal contain water in a state of chemical combination, and are apt 
to split and fly to pieces when heat is applied. The anthracite coals of South Wales 
are peculiarly subject to this evil. In furnaces of the ordinary construction, and 
especially in locomotive boilers, it is difficult to use them, as they are apt to break 
down into powder under the influence of a strong heat suddenly applied. Other 
kinds, after long exposure to air and weather, appear to undergo a kind of incipient 
decomposition, which renders them tender and friable. Coke is rendered compact by 
the process of coking being long continued, producing thereby a sort of fusion 
between the particles. It is, of course, the manufacturer’s interest to employ and 
replenish his ovens as quickly as possible, and it may therefore happen that the con- 
sumers are sometimes sufferers. To withstand the blast of a locomotive furnace, the 
coking process should be fully completed. Imperfectly coked coal is carried off like 
chaff through the tubes and up tbe chimney. 

% Incomplete comhustion of the elements of the fuel. 

Owing to an insufficient supply of air, the volatile products of coal frequently pass 
off unconsumed, or only partially so. The visible result is the formation of a cloud 
of smoke from what, before its admixture with air, was an almost invisible gas. This 
gas, or, at the least, the inflammable part of it, is a compound of carbon aud 
hydrogen united in one or more definite proportions. If oxygen be presented to the 
gas at a time when its temperature is high enough for the forces of affinity to have 
full play, but in quantity insufficient to saturate the whole of the carbon and hydrogen, 
the hydrogen unites with the oxygen before the carbon is taken up, and the carbon is 
deposited, or rather separated, in tbe form of smoke. 

It would be out of place here to refer to the subject of the prevention of smoke in 
furnaces, further than to state that a judicious application of the principle of a direct 
and well-regulated admixture of air with the heated gases, as they are distilled off 
from the fuel, appears not only to diminish very largely the quantity of smoke 
evolved from the furnace chimney, but also to effect some saving in fuel. According 
to Mr. Houldsworth’s experiments, reported by Mr. Fairbairn in the ‘Keport of the 
British Association’ (1844, page 109), an advantage of ISJ per cent, was obtained on 
the average by the repeated admission of air through apertures behind the bridge. In 
some cases even a higher duty is said to have been observed. 

The reason why the additional heat generated^ full combustion of the 

gaseous products falls short of the estimates held out by the advocates of different 
systems of smoke prevention, appears to be that the heat employed in volatilising the 
gaseous products is nearly as great *as the heat evolved in the subsequent com- 
bination of those products with oxygen. 

A sufficient supply of oxygen is as important in the combustion of solid carbon as 
it is in that of the volatile parts of the coal ; for it is well known that carbon unites 





496 





STEAM ENGINE, LOCOMOTIVE. 

•with oxygen in two proportions, forming respectively carbonic oxide and carbonic 
acid gas. 

Carbonic oxide contains . . . 6*12 carbon 4* 8 oxygen = 14*12 

Carbonic acid contains . . . 6*12 do. + 16 do, = 22*12 

To develope tbe full beat of wbicb carbon is capable, it mnst receive tbe double dose 
of oxygen, and be converted into carbonic acid. 

Tbe fact of tbe generation and escape of large quantities of carbonic oxide from 
colie fires, especially where the mass of bmming fuel is thick, is abundantly proved by 
experience. If the fire door of the furnace of a locomotive boiler in full action 
be opened, a lambent blue flame is at once seen to surround tbe opening and play 
over the surface of the fuel, occasioned by the combustion of the carbonic oxide 
when the fresh air is presented to it. In like manner, a blue flame may occasionally 
be seen burning at the top of the chimney, the point where, supposing the furnace 
door to be shut, the heated carbonic oxide first meets a supply of oxygen. If the 
smoke-box be not quite air-tight, the outer plates have been known to become red-hot 
by the combustion going on within. 

It may be useful to consider what loss of heat may arise as between the conversion 
of carbon into carbonic acid and of carbon into carbonic oxide. There are no direct 
means of ascertaining the loss or difference, inasmuch as no direct experiment can be 
made on the conversion of carbon into carbonic oxide "We may, however, 

arrive at a conclnsion indirectly in the following way : 

According to experiment, cited in the Table (page 486), 1 gi*amme carbonic oxide, 
in its conversion into carbonic acid, yields 2431 units of heat. 

Consequently, 14*12 grammes of carbonic oxide will yield (2431 x 14*12) = 34, 325. 

But 14*12 grammes carbonic oxide contain 6*12 grammes of carbon. 

Therefore the 6*12 grammes of carbon, during the process of conversion from the 
state of carbonic oxide to that of carbonic acid, yield 34,325 units, equivalent to 
1 gramme carbon, in its conversion from carbonic oxide to carbonic acid, yielding 
5608 units of heat. 

But according to experiment (see page 486), 1 gramme carbon, in its conversion 
from carbon into carbonic acid, yields 7900. 

The difference between the two last numbers indicates the heat developed by 
1 gramme carbon, in its conversion from carbon to carbonic oxide, =2292. 

If this reasoning be correct, fgtbs, or, in round numbers, 70 per cent., of the 
heat which would be generated in the conversion of carbon to carbonic acid, is lost 
in the case of the conversion of the same weight of cai*hon into carbonic oxide only. 

Every pound of carbon which escapes through the chimney in the form of carbonic 
oxide carries off, therefore, as much fuel as would suffice to evaporate 10 lbs, of water 
from the temperature of 212°. 

In the locomotive boiler, the remedy has been partially applied of perforating the 
fire door with a number of small holes, and allowing the air to enter through them 
direct on to the top of the burning coke, from the surface of which the carbonic oxide 
is rising. 

The various sources of waste hitherto detailed, however insignificant they may 
appear if considered singly, become, when combined together, of serious moment. 
This was fully evidenced in the saving of fflll 100 tons of coke per week, effected 
in the Xi^rpool and Manchester engines, in the antumn of 1839, in the following 
manner* 


In the auimfeii, of 1838 an account had been opened, against each engine, of the 
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coke delivered, and weekly returns were made up of tlie general consumption, TMs 
served, to a certain extent, as a check, but the result was not so satisfactory as could 
have been desired. The returns might or might not give accurately the week’s con- 
sumption. The coke was put loose in the tender, subjected to all the breakage to 
which its position rendered it liable, and being so idaced, no account was taken of 
the stock remaining at the end of the week. 

This might have been greater or less than the stock remaining at the end of the 
previous week. Hence an error in the week’s consumption. Taking a longer period, 
of course the errors were neutralised, and a correct average obtained; but this was 
not sufScient. It was necessary to know not merely a month’s consumption, nor a 
week’s, but every day’s consumption. Nay, it was found important that the drivers 
should know from hour to hour what they were using. Accordingly the system was 
changed. The coke, instead of being placed loose in the tenders, was pnt on in bags, 
each containing a certain weight, and every night, after the engines had finished 
work, the remaining ones were counted, and as many fresh ones put on as sufficed to 
make up a given complement. The driver was not permitted to empty his sacks 
before he actually wanted to feed his fire, and therefore no waste or breakage could 
take place. At the same time orders were given to let the fires burn low as the end 
of the journey was approached, for the purpose of diminishing waste during the 
intervals of rest. 

A table of every week’s performance was posted up for tbe inspection of the men, 
wherein the engines occupied a higher place in proportion as their consumption was 
lighter. 

These arrangements were canied into effect in October, 1839, and immediately 
roused an honourable and eager spirit of competition amongst the men. 

The records of that period show a marked effect. During the four weeks 
the 19th October, the coke deliveries amounted to 826 tons 9 cwt, during the four 
weeks succeeding that day, to only 717 tons 17 cwt., the work done being aJmost 
precisely the same. 

"Weeli ending Tons. cwt. ^rs. 

28 September, 1839. 232 trips of 80 miles + 34 J days’ work 207 4 2 

5 October, ,, 234 do. do, + 34|- do. 203 11 1 


26 October, 1839. 233 trips of 30 miles + 85 days’ 1 
2 November, ,, 233 do. do. + 34J do. 

9 do. „ 230 do. do. + 84i do. 

16 do. „ 240 do. do, +354 do. 


By further practice, and by attending closely to those little defects of which the 
existence was sure to he indicated by an inspection of the tables, and before any 
extensive improvements were made in the valves, the quantity was still further 
reduced, and in February of the following year did not exceed 670 tons. 

The WorJanff Duty of Steam* 

The heat necessary to convert a given weight of water of a given temperature into 
steam has been ascertained to be a constant quantity, independent of the particular 
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pressure and temperature of tlie steam generated, so that in respect of the duty of 
fuel It is a matter of indifference whether eTaporation is carried on under a high or a 
low pressure. 

A portion of the heat applied to the water is expended in elevating its temperature 
up to the point at which its conversion into steam of the assigned pressure com- 
mences, and the remaining portion is devoted to the conversion of the liquid into 
vapour, and is essential to its constitution as such. 

This heat of conversion (latent heat) diminishes as the pressure and corresponding 
temperature of the steam increase. 


Por instance 

: ; , lbs, of water, ' 

1 lb. of water heated from 32® to 212® F. requires as much heat 
as would elevate through 1® F. . . . . . . 180 

1 Ih. of water at 212® F. converted into steam at 212® (==14-7 Ihs. 
per square inch) requires as much heat for its conversion as 
would elevate through 1° F. . . . . . . 972 


Again : 

1 lb. of water heated from 32® to 329® F. requires as much heat as 
would elevate through 1® F. . . . . . . 297 

1 lb of water at 329® F. converted into steam at 329° {=100 B)S. 
per square inch) requires as much heat for its conversion as would 
elevate through 1® F. . . . . . , . . 855 


The number 1152 is, then, a constant which may be taken to express the nnits of 
heat containing l!b. of steam, reckoning from 32® F., the freezing point of watei*, np 
to the temperature at which the conversion into steam takes place. 

The mechameal equivalent, or maximum theoretical duty of this amount of heat, as 
contained m l lb. o/ stoa, is 

682 lbs. xll52 units of heat —785, 664 lbs. misedlfoot high; 

682 lbs. through 1 foot being, as before shewn, the mechanical equivalent of the unit 
of heat. 

The amount of duty realised in the production and use of lib* of steam falls, 
however, far short of this theoretical maximum. 

In the earliest stages of the process, those which precede the moment when the 
water finally assumes the gaseous form, the forces to be encountered before the 
cohesion of the molecules of the liquid can he overcome, absorb and neutralise a large 
proportion of the effect of the imparted heat. 

In fact, the ‘ heat of conversion ’ is partly occupied in producing the change of 
state from liquid to gas, an effect which is unattended by any sensible manifestation 
of power, and for the remainder consists in producing a pressure of force equal 
to the tension of the steam on a given area of surface moving through a space which 
depends on the relative volumes of the water and the steam. 

Thus it is obvious that in the most perfect steam engine, acting as it does on the 
principle of alternate vaporisation and condensation, a very considerable amount of 
the mechapie^ equivalent of heat is for all practical purposes annihilated ; and this 
reflection iniy the question whether there may not he discovered some means 




of reclaiming tKe lost heat of conversion, and thereby greatly economising fuel, 
hy the employment of water purely in its gaseous form, suhiecting it to such, 
alterations of temperature, short of reducing it to the liquid state, as may render 
it the means of transforming all the heat it receives into a manifested and availahle 
equivalent of force. 

Owing to the circumstance of the heat of conversion becoming relatively less and 
less as the pressure increases, the loss or absorption of force is less, the higher the 
pressure at which the steam is produced. 

Making the allowance for this loss, the theoretical work producible from 11b. of 
steam is iu each of the cases here cited as follows : 

ftjs. avoird. raised 
1 ft. high by 1 lb. 


of steam. 
Theoretical duty. 


1st. Low-pressure engine, working inexpansively, and condensing 
its steam at 112'’ F. { >= 1*8H>. per square inch) ; the steam 
formed at 228° F. ( = 201bs. per square inch) . . . 

2nd. High-pressure engine, working expansively ; steam formed 
and admitted into cylinder at 284° F. ( =51 libs, per square 
inch, or 3 atmospheres), expanding to 104'’ F. and condensed at 
104° F. (=1 lb, per square inch) . . . . . . 


214,734 


In the first case only ^\th part of the absolute maximum of theoretical duty of 
the heat imparted to the steam can be obtained ; in the latter case, about f-ths. 

Of this reduced theoretical duty let us see how much has been actually obtained2.in 
practice. 

Isi case.— Mr. Josiah Parkes, in his Paper on Steam Engines, records the duty of 
two condensing inexpansive low-pressure steam engines, viz., an engine at Warwick, 
with 25-mcli cylinder and 5-feet 6-inch stroke, and the engine of the Albion Mills, 
London, with 34-inch cylinder and 8-feet stroke. 

The first engine raised . . . . 28,2851bs. l foot high. 

The second engine raised . . . . 28, 489 lbs. >> 


Mean . . . , . 28,387Ibs. raised 1 foot high by 

1 R). of steam. 

This duty is only 53 per cent., or little more than one-half the assigned theoretical 
duty. 

%nd case , — The Fowey Consols engine, with 80-inch cylinder, 10-feet 4-inch stroke, 
cutting off at J stroke, working at a pressure of 40lbs, per square inch above the 
atmosphere, has raised 

12 6, 359 fbs. 1 foot high by 1 lb. of steam.* 

This duty amounts to at least 58 per cent, of the assigned theoretical duty. (In 

the case supposed, the steam would be cut off rather earlier.) 

The loss of duty in respect of the steam generated in the boiler may be refemd to 
four general heads, viz. 

I. Loss as arising from steam which escapes, either without passing through the 
cylinders, or, if passed through the cylinder, without exerting pressure upon 
the piston. 

II. Loss as arising from resistances against the piston, produced by imperfect 
action of the valves. 


* The average duty of all the Conaish engines scarcely exceeds one-half this. 
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III. An apparent loss incidental to tlie non-condensiiig engine, as arising from 
the resistance to the piston afforded hy the pressure of the atmosphere. 

TV. Loss as arising from imperfect condensation. 






tt; 





CSi 

CO 

: « 

CO 

CSS 

OS 

CO 


rH 

o 

o 



o 

<>T 

to. 

CM 




XO 


o ' 

O 

00 






r-< 

S' 

CO 

tH 

tH 

O 


o 

tH 

Cl 


d 

tH 

TH 

T—i 

■rH 


o 

CO 

CO 

05 

M 

o 

o 

xo 

(M 


'tH 



xo 



css . 

xo 

O 

■stS 

CM 

tH 

CM 


S' 

Cl 

CO 

o 

a> 


O 

o 

CM 


d 

iH 

1-i 

r-l 

rH 


o> 

CO 

CM 

XO 


OD 

o> 


o 

»w 

CO 

CO 


xo 


O 

JO- 

O 

CM 

tfl 

Cl 

; 

tH 


cf* 

T~i 

<M 

CO 

<M 


o 

O 

rH 

CO 

d 

tH 


rH 

rH 


!>. 

<p 

v* 

cp 

CO 

Cl 

05 

iO 


CO 

CO 

CO 


119 

CO 

xo 

00 

XO 


d 


Cl 

S' 


(M 

CM 

c> 


a 

CO 

o 

CM 

d 



tH 

rH 


o 

oo 

XO 

»o 

a 



CO 

JO 

yd 


CO 

CO 

a 

tH 

tM 

jH 

rH 


ca 

■ tH 

<M 

XO 

CO 

rH 

55 


TH 

o 

tH 

O 

CM 

s 

tH 

CO 

CM 

' O ■' 

N 

CM 

xo 

Cl 


A 

CO 

xo 

t>. 



50 





Q 


02 



•g 

o 

§3 

W) 

1 



hi 


no. 


s 





o 

CO 

XO'. 

!>. 


rH 


tH 

tH 


1 - 


g u . I. Loss from Lscapes of Steam. 

j| o o S S Owing to defects of mechanical 
g construction, or to the gradual wear 

~o " . "" Z~T"~" £iiid abrasion of surfaces intended 

ijT^ £ o ^ to work upon each other steam 

Wg ^ ^ -cjs iO . ^ 

ffi . tight, a waste of steam often takes 

^ o CO ^ place. This can only he remedied 

“S'!! ^ th o hy repairs; hut there is another 

p dS d S ^ fertile source of waste, which is in 

r ZT Z Z7~ great measure under the immediate 

rS - ^ control of the engine-driver,— the 

p5 ^ § loss of steam blown off through the 

0 !iS S S S S safety vakes when the engine is 

'l l "S S' ^ ^ o o either standing or working. To 

^ ^ ^ S d S S in give an idea of the loss that may 

1 ® « « « ' '>^s sustained in this way, the fol- 

p .g'-g -1^1 ^ ^ S ^ S experiments, made on the 

p. ^§^3 Liverpool and Manchester Railway 

o tfl S Si S in August, 1839, may he cited. 

*U "E ^ ^ ^ ^ ^ Four engines in good working 

S o S S S order, viz. the IRapid’ and 

'J ^ ■ o 'Leopard’ passenger engines, and 

’M {§ £2 ^ ^ the ^LionVand ‘Mammoth’ lug- 

O PJ 

S .-: : gage engines, were selected; and 

5 -i* it9 S during a day’s work of each, as 

•I o CO CO o engaged in the ordinary traffic of 

p iS d ^ 3 3 the line, all particulars of their 

~™"’ — - . o oo xZ io~ service were noted down : the time 

*s g cQ io . ■ . ,, . \ 

)4 *5 . CO «o ci mmotion,— the time at rest under 

0 : Z ,,— Zl....... steam,— the times of lighting and 

^ S S § S Jg extinguishing the fires,— the coke 

s : Z=i w S CO delivereil throughout the day,— 

1 ^ ^ — — '■ , ■■ the waste coke thrown aside as 

O O cl r-i CO CO O 

w « CO oo Cl useless,— the ashes taken out at 

a yj CO xo i> aigiat. . 

S M The results of these experiments 

S ^ 3 ® 3 are condensed into the annexed 

5= bjo 53 

§0 *rd ^ Table, the consumption of fuel being 

S3 ■ g g- 

^ o CO xo reduced to a mileage rate. 

^ Z! By this account it is seen, that 

^ : : : : under circumstances in which more 

.& § ® ;i ,1 : J : ^ than ordinary care was taken in the 

“ j>.OQh * • O * 

ro ^ ‘ I working of the engines, thew^aste 

^ S .i J of coke going on whilst the engines 

wZL,..-?,.Z were at rest averaged about 80 lbs. 

per hour ; or, calculated upon tbe mileage, about 7 tbs. per mile, being an increase of 
more than <me-sixth on the net consumption whilst in motion. 
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The trial led to a few simple regulations, which resulted in effeeting the saving of 
nearly the entire quantity of fuel consumed whilst the engines were standing. These 
were as follows ; as the engine approached the end of its journey, the fire in the fire- 
box and the water in the boiler were allowed to run low. Before reaching the- 
station, the feed-pumps were put on and the boiler filled up with water from the 
tender, the water being of course comparatively cold ; after the fire-man had cleaned 
his bars and picked the tubes, the fire-place was filled up with cold coke : a damper 
was placed over the mouth of the chimney, and the engine remained in this condition 
until the time of starting on its next journey. By this time the coke had become 
ignited throughout ; the water had been raised to the boiling point, and if any steam 
had been generated, it was turned into the tender tank, to warm the feedwater. 
Thus the heat produced during the interval of rest was turned to full account, and 
made to tell directly upon the work of the succeeding journey, 

II. Lm from Bemianm against the Piston^ produced hj mperfect Action of the 

Yalves. 

This is a branch of the subject deserving especial consideration. Its importance, 
as referring to the economical working of steam engines, may be profitably illustrated 
by a brief historical account of the consecutive alterations and improvements in the 
valve arrangements and mechanism of the locomotive engines of the Liverpool and 
Manchester Bail way, and of the results produced in the saving of fuel. 

It may be premised that the same principles have their application not only to the 
engines of other railways, making due allowances for difference in the gradients and 
difference in the loads and dimensions of engines, and difference of speed, hut also to 
fixed engines in general. In fact, they have been applied to the fixed engines of the 
Liverpool and Manchester Railway with parallel advantageous results. 

The history of the Liverpool and Manoh ester locomotive engines may, in reference 
to economy in working them, (for the sake of convenient Classification) be divided 
into two periods ; the first a period of increasing, the second a period of decreasing 
consumption, as respects the article of fuel. Brief allusion may be made to the events 
of botfi periods, and a reference to the causes which retarded, as well as to those 
which accelerated, improvement. 

During the first few years after the opening of the railway, the class of improve- 
ments comprising the gradual enlargement of dimensions as necessary for maintaining 
higher rates of speed, and the transport of heavy loads,-— the better disposition and 
proportionment of the component parts, and selection of suitable materials capable of 
resisting heavy strains, and various other causes of derangement and decay, demanded, 
in consequence of their direct influence upon the traffic of the Company, unremitting 
attention. The necessity of securing regularity in the transport of trains, whether of 
passengers or goods, was pressing and paramount, and afforded sufficient materials for 
thought and experiment. It is, therefore, a source of less surprise than regret that 
little progress should have been made in diminishing the consumption of fuel Trials 
of the consumption of different engines of similar size and power were made from 
time to time ; and these agreeing pretty closely together, served to lull suspicion of 
unnecessary waste of fuel. As the engines increased in dimensions, the consumption 
of fuel increased also, which was considered a natural and inevitable consequence of 
the exertion of increased power. 

The adoption, in 1836, for the passenger traffic, of what were termed short-stroked 
engines, was attended with the establishment of a quicker rate of travelling than had 
before been known on the line, hut, unfortunately, also with an extravagant increase 
in consumption of coke. This was erroneously referred to the mechanical disadvantage 
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of tli6 sliort stroke, an explanation wkicli for a time was deemed satisfactory. Atten- 
tion was directed to schemes of smoke-burning, by wMcb tbe use of coal, as a mucb 
cheaper fuel than coke, might be rendered possible. In 1836 the ‘ Liyer’ was fitted 
for burning coal, but proved a failure ; and subsetiuently one or two engines were 
tried with about equal success. Hitherto all the engines had been furnished with the 
slide valve ordinarily used in high-pressure engines, the mode of operation of which 
is well known to every practical mechanic. It wild he remembered, that the opera- 
tions of admitting the fresh steam and releasing the waste steam are alternately per- 
formed hy the same valve and by the same motion. The valve being made to slide 
backwards and forwards upon the face of the ports, opens and closes the several 
passages in their turn. The two extreme ones, termed steam ports, communicate 
with either end of the cylinder. The middle one is termed the exhausting port, and 
its corresponding passage terminates, in a pipe open to the atmosphere and carried 
into the chimney. Steam is admitted freely into the steam chest from the boiler. 
The valve is made of sufficient length to cover, wffien placed in the centre of the 
stroke, itZMhe ports. In this position no steam can enter the cylinder ; hut as the 
V valve moves on, one of the ports opens, and the arrangement of the valve gearing is 

such, that when the piston is ready to begin its stroke, the steam port legins to open. 
During the forward progress of the piston, the valve not only travels to the end of 
the stroke, hub returns to the point from whence it set ont. Its continued motion in 
the same direction finally closes the valve, and prevents any further admission of 
steam. The steam has now done its work, and must he removed. In the middle of 
the valve a hollow chamber is formed, of sufficient length to span between the ports. 
As soon as the edge of this chamber passes the edge of the steam port, tbe pent-up 
steam finds vent, and, rushing through the chamber into the exhausting passage* 
escapes into the chimney. 

This was^the valve used on theLiverpool andManchester Railway until the year 1838, 
and also in the engines of other lines of railway at that time. It will be observed 
that the exhausting port opens when the steam -port closes, and both events happen as 
nearly as may be at tbe end of the stroke. The perfection of a slide-valve consists, 
other things being supposed equal, in the degree of nicety with which its motion is 
timed, relatively to the motion of the piston. The functions of tbe piston are abso- 
lutely dependent Upon the proper timing of the admission and release of the steam. 
A most slight and apparently trifting error in the adjustment i)rodaces a most serious 
effect upon the consumption of fuel. 

If from any cause the valve should open to admit steam for a fresh stroke hefoi'C the 
preceding stroke is finished, it opens too soon, end an unnecessary resistance to the 
piston is produced. 

If, on the other hand, the valve should delay its opening until the piston has begun 
to return, it opens too late, because then the steam has uselessly to fill the space left 
vacant. Hence a waste of steam and loss of power. As far, then, as the admission 
of steam is concerned, it is a necessary condition that the steam-ports should open 
neither before, nor after, but at the precise moment when the stroke commences. 
Some engineers, indeed, have recommended giving the valre * lead,’ as it is termed, 
— that is to say, setting it so as to open a little before the completion of the foregoing 
stroke; hut it seems very questionable whether advantage is gained hy doing so, 
excepting to the extent that may he necessary to compensate for any slackness in the 
parts of- the valve gearing, or for their expansion when hot, and about one-sixteenth 
• of an ii^ch may be considered sufficient for this purpose in a well-cohstructed engine. 

This 5 satisfies the conditions required in the admission of steam. It opens 
exactly the right time. The steam begins to enter as the piston begins to move, 
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and follows it steadily and effectively tlironglioiit its course. WiiateYex’ time tEe 
piston takes for its journey, tke steam is allowed as mucli time to follow it. At first 
the opening is small, hut then the motion of the piston is comparatively slow, and 
therefore the supply keeps pace with the demand. As respects the release of the 
steam when the stroke has been completed, the performance of this valve is alto- 
gether unsatisfactory ; and here lurks the cause of the difference in the performances 
of the old and the later engines of the Company. 

But it might he said, the release does appear to take place at the right time, 
because it occurs just when the piston has finished the stroke, and if it were to occur 
before, a loss of power would ensue. This is a plausible view of the case, and one 
which undoubtedly delayed for years the saving of fuel which has since been effected. 
Sufficient attention was not bestowed upon the processes going on in the interior of the 
cylinder, or upon the facts which might have indicated them. Alternately to fill and 
empty the cylinder of its contents are operations requiring lime. The time allowed 
for the first operation, —that of filling the cylinder with steam,— necessarily corre- 
sponds with the duration of the stroke, whatever its duration may be- But this 
cannot he the case as regards the second operation— the emptying of the cyEnder. 
This onght to he performed in an instant, in the minutest fraction of the duration of 
the stroke, otherwise the steam continues pent up when it ought to he liberated, when 
it ought to assume its minimum pressure,— viz., the pressure of the atmosphere, — 
and exerts an injurious counter-pressure against the piston, tending to increase the 
resistance to he overcome. To effect the free and rapid discharge, it is necessary not 
merely to open the eominunication to the exhansting pipe, but to open a wide passage, 
and to have this don& by the time the piston recommences its motion. The valve 
alluded to cannot accomplish this. Its motion is gradual, not instantaneous. 
The passage only hegiiis to open when the piston is on the turn, and is not wide open 
xmtil the piston has travelled through one-teuth of its entire stroke. The steam in 
the cylinder is consequently restrained from escaping, being wire-drawn in the passage 
out, and consequently takes considerable time to assume the pressure of the atmo- 
sphere. In the meanwhile the new stroke has begun, and been paitially completed ; 
and so far the piston has had to contend with a resistance altogether illegitimate— a 
resistance which in many cases, and especially at high speeds, has been nearly equal 
to all the other resistances put together. In the year 1838, as above mentioned, the 
extent of the disease was first suspected, and a i-emedy attempted. It had before 
been observed that the giving of an engine ‘lead* tended to improve its speed when 
travelling, already at a high speed, and with a light load. The circumstance w'as 
attributed to the opening of the steam-port being wide at the time of commencing the 
stroke, thereby increasing the facility for the entrance of the steam in following up the 
piston. Its true explanation was found to be the earliei* release of the waste steam, 
and consequent diminution of resistance. As sometimes three-eighths of an inch, or 
even half an inch, ‘lead’ was given in pas ‘ienger engines, it was decided to try the 
effect of opening the exhausting passage earlier by the same amount, whilst the steam- 
port should still be made to open only at tbe turn of the stroke. An engine called 
the ‘Lightning’ was chosen for the experiment. By placing the valve on the ports, 
so as to allow the exhausting passage to be three-eighths of an inch open, the steam-port 
would be at the same time a quarter of an inch open. This space, therefore, was 
closed by adding to the length of the valve at each end a quarter of an inch. The 
eccentric was of course shifted on the axle to correspond with the alteration, and 
the engine with the altered valve was again set to work, in March, 1838. The 
amount by which the valve at each end overlaps the steam-ports, when placed exactly 
over them, is technically termed the ‘lap.’ The lap of the ‘Lightning’s’ valve 
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teing, then, three-eighths of an inch, the exhausting passage was; ahont three- 
eighths of an. inch open when the stroke was finished. This engine was made the 
subject of several experiments. With coach trains, the saving in fuel was very con- 
siderable ; the consumption, whilst running, being only about 25 lbs. per mile with 
loads of 5 to 8 coaches, and the speed was considerably improved. 

It here becomes necessaiy to refer to the consumption of the Liverpool and Man- 
chester engines before and at the time we speak of, in order to form a j ust conception 
of the position arrived at. The amended performance of the ‘ Lightning’ was 
little better than the best performances at the end of the year 1830, The ‘ North 
Star,’ ‘Phoenix,’ ‘Arrow,’ and ‘Meteor,! engines of that period, when in first- 
rate condition, and expressly put upon trial, consumed ahout 25 lbs. per mile ; but 
this was with loads of only 4 carriages, and at a very inferior speed. 

Again, in June, 1832, the ‘Victory’ and ‘Planet’ were burning about 30 lbs. 
per mile, with coach trains. In 1833 the ‘Sun’ and ‘Etna’ ‘used about 28 lbs. 
per mile. This is their consumption when actually running — their net con- 
sumption. 

The experiments of M. de Pambour, in 1834, were carefully conducted, and may be 
fully relied upon. In bis ‘ Treatise on Locomotive Engines ’ (2nd edition, page 312, 
1840), he gives a table, by wbieh it appears that the best performances of the best 
engines, as the ‘Jupiter,’ was 26 *3 lbs. of coke per mile, with 8 coaches, at 24*58 
miles per hour; and the best performance of luggage engines, 38 lbs., with 25 
waggons (=120 tons), at 17 miles per hour. This was their net consumption. The 
distinction between the total amount of fuel consumed by any engine, and the fuel ifc 
consumes when actually running, must be carefully borne in mind. It will be 
marked by the terms and gh'oss consumption. Coke must be burnt in raising the 
steam, and afterwards in keeping it up during tbe intervals of rest, whicb, therefore, 
enters into the gross hut not into the net consumption. In 1836 and 1837 larger 
engines were gradually introduced to replace the smaller class, which had become 
insufficient for maintaining the higher rate of speed then demanded ; and their 
increased consumption of fuel was commensurate with their increase of size. 

For an idea of the general effect attendant upon their introduction, the following 
table, showing the coke consumed in several consecutive years, may be consulted 

11,561 trips in 1835 = 7,907 tons coke gross. 

12,063 „ 1836 = 9,876 „ 

12,953 „ 1837 = 10,816 ,, 

Thus, during three years, when the change went on, although the work done 
increased only in the proportion of 100 to 112, the consumption of fuel increased in 
the proportion of 100 to 136, without any material difference in the magnitude of the 
' loads.' ' . , ■ ■ 

In 1838 and 1839 the average consumption attained its maximum, being about 
49 lbs. per mile gross, with passenger trains averaging 7 coaches, and 54 lbs. per mile 
with luggage trains averaging 16 waggons. 

Forty Bs. net consumption with coach trains was moderate for such an engine as 
the ‘Lightning’ ; and the performance of the ‘Lightning’ when altered, being 
under 30 lbs, net, was naturally considered favourable. This result was evidently 
obtained from the earlier exhaustion of the steam; whereas, previously, the opening 
of th^ exhaustion passage was contemporaneous with the termination of the stroke, 
now it t^ok place before, and was already tbree-eigbths of an inch open at tbe end of 
tbe strcSfeBi 'f;;A;.pO!ction of the steam could by that time escape, and the back pressure 
was dimim^ed, , , The valves of two engines called the ‘ Kapid ’ and ‘ Arrow ’ were 
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liext altered to Laye three-eiglitlas of an inch lap — the *Eapid’ in January, the 
‘Arrow’ in June, 1839. During the last quarter of the year 1839, the gx'oss con- 
sumption of the ‘Rapid’ was 361 Ihs. per mile, and that of the ‘Arrow’ 40 lt>s. 
per mile, and the net consumption prohahly about 30 and 33 R)s. 

* Arroiv* valve mth th'ee-eighths of an inch tap, 
lYeek ending— cwt. qrs. its, 

January 4, 1840— 12 trips of 30 miles . 130 0 0 


Consumption per trip * v 4 . 1 

1 „ j t . jf ^de ' ■ . • 

Valve with three-fourths of an inch lap, 

■Weekending— cwt. qrs. lbs. 

February 9, 1840—10 trips of 30 miles . 88 3 0 
March 7, ,, — 8 ,, „ . 71 1 0 


Consumption per trip * . . .82 19 

„ ,, mile • , , . . . , . 32*4 

Difference • . . * . 7*7 

Here was a confirmation of the principle first recognised in the case of the ‘ Light- 
ning;’ and it became a question how far this principle might he advantageously 
carried out, and whether the exhaustion might not be made to take place still earlier. 
This could not be accomplished without at the same time cutting off the steam 
earlier ; or, in other words, by virtually shortening the stroke. The fear of impair-* 
ing the power of the engine at first deterred from venturing the experiment ; but at 
length a trial was made in the ‘Arrow,’ whose valve was altered to have Jths of ah 
inch instead of fths of an inch lap at each end. Since the travel of the valve 
remained as before, the valves did not open quite full port, but only |ths of an inch. 
In February, 1840, the alteration was effected, and an immediate reduction of nearly 
8 lbs. per mile was the result, The gross consumption of this engine, with coach 
trains, was 40*1 lbs, before the alteration ; it was only 32*4 rbs. after it, A saving of 
20 per cent, had been effected : but, afc the same time, no injurious effect was observed 
upon the power, but rather the reverse. 

An invention, which was made a little before the time we now speak of, tended 
more completely than anything had hitherto done to shew the impossibility of fixing 
any ultimate determinate standard of consumption, and consequently gave a consider- 
able impulse to the further improvement of the engines. This was the patent 
expansive valve gearing of Mr. John Gray, as applied to the ‘ Cyclops,’ an engine of 
the same dimensions and make as the ‘ Lightning,’ 

This engine underwent a thorough repair in the summer of 1839 ; and in October, 
soon after it came out, was made the subject of an extensive series of experiments. 

The alteration consisted in the adaptation of particular mechanism for working the 
valves, whereby the engine-man was enabled, without disturbing the regulator, to vary 
at pleasure the quantity of steam admitted into the cylinder within the limits of a range 
■■ YOL.'irr*.- n It ■ 
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extending from 46 to 82 per cent, of tlie length, of the stroke, allowing the steam to 
aot expansively after being cut of. 

The advantages proposed to be attained by the arrangement -were, to accommodate 
the power of the engine to the load to be conveyed, and to the inclinations of the 
road ; to establish, in fact, a property of adjustment, by the aid of which an engine, 
constructed for the transport of very heavy loads, might be adapted to the exigencies 
of an irregular and uncertain traffic, without entailing any unnecessary expenditure of 
fuel. ' \ 

The conclusion arrived at upon completing ‘the experiments was, that a saving 
of at least 12 per cent, in fuel over the best engines had been effected by the appli- 
cation of the new gearing, without occasioning any diminution in the speed of 
'ti’avelling. ■ - - ■ ■ 

Its net consumption was 22 1 lbs. per ‘mile ; its gross consumption 28'| tt>s. per 
mile w'ith loads of seven coaches. 

This, though little better than the performance of the ^ Arrow,’ in March, 1840, 
was, it will be remembered, accomplished four or five months before, and was, in fact, 
the cause of a keener iwosecution of the trials wdth different valves. 

Whether or not the favourable results of the ‘ Cyclops’ were actually due to using 
steam expansively, is a point upon which engineers may not perhaps be agreed; but 
the suhseq[uent history of the locomotive engine has made it apparent that the 
expansive action only partially contributed to the success of the experiment. 

In Mr. Cray’s apparatus the time of closing the steam port was made to vary by 
altering the length of the travel of the valve, and a simultaneous adj ustihent of the posi- 
tion of the valve on Ijhe ports took place to suit the altered travel, making the valve still 
to open at the right time. ^The old valve would not have been applicable, nor have 
fulfilled the specified conditions; for, bearing in mind that in any case the steam 
port is to open when the skoke of the piston commences, and that the old valve was 
scarcely longer than was just sufficient to cover both steam ports, it is evident that an 
alteration merely in the travel of the valve would not have allowed the steam to act 
expansively, since the steam can only so act when both steam ports are closed ; that is, 
whilst the valve is travelling through a space equal to the length of the external lap, 
lilus that of the internal (==| inch + f inch =1J inch in the case of the ‘Cyclops’). 
Therefore lap was given to the valve both internally and externally; internally, to delay 
the opening of the exhausting passage ; externally, that time might intervene between 
the operations of exlmusting the waste and admitting the fresh steam. 

And inasmuch as the external lap exceeded the internal, by so much the arrange- 
ments resembled, and in fact partook of the principle of the valve of the ‘Eapid ’ and 
‘ Arrow,’ the result of their difference being, that the exhausting passage wms half an 
inch open at the end of the stroke. 

To this principle, viz., the earlier exhaustion of the waste steam, and to the higher 
pressure of steam in the boiler, maybe ascribed the improvement in the ‘Cyclops.’ 
Whatever benefit may have been derived from expansive working was, to a consider- 
able extent, neutralised by the compression of the waste steam left in the cylinder 
after the closing of the exhaustion passage, an evil which increased in proportion as 
the steam was cut off earlier. 

The next important improvement in the valves is due to Mr, Bewrance, and was 
^ggested by him. early in the year 1840. His principle was, that the exhausting 
instead of being only partially open at the moment of completing the stroke, 
as was hiolre or less the case with the engines before named, should be nearly wide 
open, be accomplished hy making the ‘lap’ of the valve equal to the 

width of the Moreovei', that the. travel of the valve should be made pro- 
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portionate to tlie ineimsedlap, so as to allow tlie same area, or tlie same amount of 
opening of tlie steam port for the admission of steam. This latter condition was not 
fully ohtainecl in the instances of the * Lightning,’ * Arrow,’ and ‘Bapid,’ It 
would at least have involved the sacrifice either of the eccentrics or other parts of the 
valve-gearing, in order to obtain the additional travel of the valve, and perhaps 
might have been altogether impossible from want of room in the stcam-chest itself. 
Therefore, in those engines, after being altex’ed, the valves did not open so wide 
as before. 

A favourable opportunity now occurred for carrying out these ideas, both as 
regarded increased lap and increased travel, from the circumstance of two engines 
requiring extensive repairs, which would allow time for the needful alterations. 

One inch lap was given to the ‘ E-apid’s * valve, which was now made to travel 
4i inches. The result of this arrangement was, that the exhausting passage was one 
inch open at the end of the stroke, and that supposing the stroke of the piston 
divided into 100 equal parts, the steam was cut off at 79, it expanded from 79 to 95; 
at 95 it began to be released, and was escaping into the atmosphere from 95 
tolOO. . 

The ^Eapid’s’ gross average consumption of coke, when running sixty-four trips 
of thirty miles each with coach trains, before the alteration, was 36*3 lbs. per mile ; 
and 28 ‘6 ibs. per mile immediately after the alteration. Thus we have a measure of 
the effect produced— a saving of one -fourth of the fuel. 

It had become a question whether the Company shall not proceed to adapt the 
expansive-gearing to more of their engines ; but an engine having now been made to 
rival the * Cyclops,’ without in any degree increasing the complexity of the gearing, 
it was considered more desirable to delay proceedings until the simpler method was 
fully tested by numerous experiments. 

To acoomplish this in the then existing engines was found to be no easy task ; for on 
examination it was discovered that, in many cases, there was no room in the steam- 
chest for valves of greater lap j in others, that it was impossible to increase the 
length of travel. Therefore, it was necessary to prepare, in the first instance, for 
the sacrifice of at least the cylinders, steam-chkts, working-gear, and inside framing 
of several engines then needing repair, and eventually, as resources would permit, for 
replacing the Company’s entire stock with new engines, all built according to one 
model, combining the latest improvements experience had shown worthy of in- 
troduction, trusting that the saving in fuel, and in the general expenses of repairs, 
would speedily repay the Company for the immediate sacrifice. These views fortu- 
nately proved to be well founded. The loss was soon recovered ; for the saving in 
the cost of fuel and repairs considerably exceeded the outlay, and although during the 
years 1840, 1841, 1842, the Company turned out from their workshops twenty-four 
new engines (the cost of the whole being debited to current disbursements, under the 
head of ‘ Locomotive power ’), and broke up as many old ones, yet at the same time, 
the total expenses of the locomotivd' department underwent a gradual reduction from 
51,5802. per annum, the charge in 1839, to 25,7322., the charge in 1842. 

Some engines, such as the * Vesta,’ * Swiftsure,V ‘ Phoenix,’ /Etna,’ ‘Eokehy,’ 
‘Meteor,’ and ‘Sun,’ were altered at a trifling expense, so as to approximate 
towards the improved principle, and thus tended to keep down the consumption of 
coke whilst more perfect engines were in course of formation. 

The ‘York’ was several months under repair, and did not come into action 
until 1841. 

Finally, all the engines belonging to ;the Company were furnished with the im- 
proved valve, answering to the ‘ Kapids,’ the lap being 1 inch, the travel 4 inches, 
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I tlie ports 1| incli wide. In casting new cylinders, great care was of course tal?en to 

, enlarge the area of the pa'ssages of exhaustion, most of the older engines haYing been 

’ too mnchL contracted at this part. Attention to this point exercised a further 

beneficial effect in saying fuel. 

I Every step towards inci'easing the Map ’ was found to conduce to the good working 

i of the engine. The ivaste steam, was no longer choked np in the cylinder ; its pre- 

; judicial resistance was removed, and, in consequence, a much less quantity of steam 

• and fuel sufficed to do the same useful work. As a further consequence, the area of 

the blast pipe could be enlarged without risk of a deficiency of steam, the coke was 
/ no longer chafed by the violence of the draft, and the fire-bars could be placed closei* 

; together, to diminish the loss of fuel dropping between them. 

;! Having considered the effects of the old and the new valve with reference to the 

motion of the piston, it may be interesting also to compare the times allowed in either 
case for the performance of the function of releasing the steam, as hy so doing we may 
I gain a clearer conception of the difference subsisting between them. 

Supposing the velocity of the engine to be uniform, the angular velocity of the crank 
is uniform also. Half a revolution of the crank, equal to 180®, corresponds with one 
stroke of the piston. Let us assume the stroke, or, which is the same thing, a half 
i' revolution of the crank, to be accomplished in a unit of time. 

We shall find as a matter of fact, from the known relative motion of the crank and 
piston rod, that the angular motion of the crank from the initial or dead point has 
been as follows, up to the moment when the exhaustion passage begins to open, the 
|| valve being set without lead. 


Valve with 0 inch lap . 


Therefore the times are as 
jIq corresponding with 

■ ■ 15 ■ ' 

i:so a 
, ' BO ■ M 


Angular motion of crank 
from dead point. 

. O^ tolSO’ . . 

. 0° to 165® . . 

. 0® to 158® . . 

. O'* to 153® . 


Eemainiug to bo 
passed over. 

. . 0® 

. . 15® 
22 ®/" 

.■ 27 ®' 

Old valve, 
Lightning’s, 
Arro'w’s, 

Few valve, 


or as the numbers 0, 15, 22, 27 Which represent the relative times allowed for 
performing the release of the steam by the four different valves. 

There is of course a limit to the application of this principle. The time gained for 
exhaustion is time lost, as regards the application of the power of the steam : in other 
words, the sooner we begin to exhaust, the sooner we must cut off the steam, the 
more we must reduce the length of the effective stroke. 

Finally, a point is arrived at where the loss of power from earlier cutting off is 
equalled by the illegitimate resistance of back pressure removed, and up to this point 
we cannot do -wrong in going J for then, without impairing the useful power of the 
engine, we are saving all the fuel necessary to overcome what would otherwise be 
back pressure. In practice it is found, that under an equal pressure of steam the one 
inch lap does not impair, but rather improves the tractive x)Ower of an engine when 
■travelling with a maximum load, and not more, therefore, with any load short of the 


‘ ' in. 1/06$ from Resistance of Atmosphere against the Riston. 

This i$ a to ail forms of the non-condensing engine ; but its amount 
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Varies relatively to tlie useful effect produced, according to circumstances over wliiclx 
the engineer has in some measure a control, and it rests with : him so to proportion the 
dimensions of the cylindei*, and the speed of the piston to the resistance required to 
he overcome, as to render the loss the least possible. 

After the exhausting passage has been fully opened, and before the piston begins 
its stroke anew, the cylinder, being now open to the atmosphere, is filled with steam 
eqnal, at least, to the pressure of the atmosphere ; which pressure therefore has now 
to he driven before the piston. The quantity of steam expended in neutralising the 
pressure of the atmosphere for one stroke of the piston is a volume equal to the con- 
tents of the cylinder at a density corresponding with the pressure of 14*7 lbs. per 
square inch, and the volume of water necessary for producing it is equal to 
part of the volume of such steam, ^ ^ ^ 

The evaporating power of any given boiler being limited, it is easy to see that the 
area of the piston and the velocity of its motion must bear a direct reference to the 
rate of evaporation ; for otherwise a result ranging between the two following extreme 
cases may occur : either the volume measured out by the pistons in a given time may 
be smaller than the boiler is competent to fill with steam of the requisite density, —in 
which case the imessure in the boiler will increase, and the excess of steam will escape 
through the safety valves, — or the volume measured out by the pistons in a given 
time may be so great as to reduce the pressure until it scarcely exceeds that of the 
atmosphere ; in which case the force of the steam generated is nearly wholly absorbed 
in overcoming the atmospheric pressure on the pistons. 

In fixed engines, working as they generally do under nearly constant loads at nearly 
uniform velocities, the relation between useful effect obtained and the work expended 
in neutralising the pressure of the atmosphere, seldom varies, at least not sufficiently 
so to attract attention ; but in locomotive engines the tendencies towards the above- 
mentioned extremes are more strongly marked, in consequence of the great variation 
in load and speed to which they are constantly subject. 

In any non-condensing engine we may conceive the duty of the water evaporated, 
and therefore of the fuel which produces the evaporation, taken irrespective of waste, 
as divided into two parts, one of which is constant for equal spaces traversed by the 

piston or by the engine, the other variable and dependent upon the load. 

If we take as an example the Liverpool and Manchester passenger engine of 1840 
to 1845, with 12-inch cylinders, IS-inch stroke, and 5-feet wheels, and take one mile 
as the unit of distance traversed, we find the volnme of steam expelled bo be 

336 revolutions x 4 cylinders full x 1*162 cube feet = 1562 cube feet per mile. 

With the ordinary loads of say seven or eight coaches, about 15 ibs. of coke are con- 
sumed, and (15 x 7i) 112tt>s. of water. 112Ibs. of water converted into 1562 cube 
feet of steam has its volume increased 869 tim^s, which towers to a pressure of 
30*5 lbs. per square inch as the average total force applied to the piston. Of this 
total force 14*7 lbs, are expended in neutralising atmospheric pressure, aud the 
remainder only to. overcoming the external resistances of the engine and train. Here 

loss from pressure of the atmosphere is as great as. the useful effect? - 

Apply the same engine to the conveyance of a heavieir load, say a luggage train of 
100 tons : the consumption of water now becomes 150 lbs. per mile instead of 112 tbs. 
as before, with the lighter load ; but the steam used in overcoming atmospheric 
pressure is the same. 

The relation between the total work of the steam and the ixseful effect has theref'ovo 
changed from the ratio of 

100 : 50 in the 1st ease, to that of 
100 : 02 In the 2ad ease* 
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Suppose the area of the cylinders of the same engine reduced to half their original 
size, all other parts remaining the same, hut the •working press-ure increased to make 
up for the reduction of area ; then the loads being as before, the relation of total work 
to useful work will be as the ratios 

100 : to 74 in the 1st case, 

100 : 80 in the 2nd case, 

which is equivalent to a gain of about 20 per cent. ; or if we suppose the area of the 
cylinders to be eZouMec?, the ratios would become as 

100 : 0 in the 1st case, 

indicating that no useful effect is obtained, and that the whole of the steam is apidied 
to the neutralising atmospheric pressure, and as 

100 : 24 in the 2nd case. 


The practical considerations which limit and determine the proper proportions of 
the cylinder and wheels are chiefly these 1st, The most convenient maximum 
working pressure, having due regard to safety ; 2nd, The maximum resistance to be 
encountered by the engine, say at starting or at any stage of its journey ; 3rd, The 
surplus power in excess of maximum resistance, as necessary for obtaining a sufficiently 
rapid acceleration of speed after starting a train. 

The evaporating power of the boiler must necessarily be a function of the speed to 
be maintained under the conditions of the average resistance. 

^In engines of different proportions, the ^' constant” consumption of water and fuel 
will vary directly as the square of the diameter of the cylinder, directly as the length 
of stroke, and inversely as the diameter of the driving wheels : in other words, it will 
be proportional to the volumes of steam measured off by the cylinders in traversing 
the same unit of distance. 

Computing the constant” consumption for three sizes of engine, viz., 

Ho. 1. The Liverpool and Manchester 
passenger engine, above re- 
ferred to, . , * 


1 12'' cylinder, 18" stroke, 5-ft, wheels, 


Ho, 2. The larger and standard size] 

now made for trains running f « wr t oaa/ . 7 « , 

between Livei’pool, Birming - 1 cylinder, 20 stroke, 6-ft. wheels, 
ham, and Manchester, , * ) 


Ho, 8. The Creat Western Bailway ) 

passenger engine, ‘ Creat [ IS" cylinder, 24" stroke, 8-ft. wheels, 
Britain,’ . , , , j , ' 

we have ■ ■ ■■ ■ ■ 


Ho. 1, consuming 07*26 lbs. 
Ho. 2, „ 82*83 

Ho. 3, „ 107*36 


of water per mile, and 7*63 lbs. of coke per mile, 

ft j> 11*04 ,, 

„ 14*31 „ 


(allowing 7 J lbs.* water to 1 lb, coke), before any effective work can be obtained from 
the steam. 


It would be impossible to prescribe any general solution of the problem of the 
proportions of the cylinders and driving wheels of engines, seeing that very various 
and cornplidated considerations are involved, referring to conditions imposed by the 


lbs. of water evaporated from say CO’ F. 




In tlie condensing engine, tlie heat abstracted from the steam is imparted to the 
injection-water, and to the water Biirronnding the condenser, and the temperature of 
the condensing water is elevated. The resistance to the piston, per unit of surface, 
after condensation has taken place, is e<iual to the tension of saturated steam, as 
answering to the final temperature of the injection -water. 

At a temperature 60*’ F. the force of vapour is 0‘26 per square inch. 

„ 80" F. „ „ 0*50 „ 

„ 100" F. „ „ 0*93 lb. 

„ 120" F. „ „ 1-65 lb. „ 

„ 140" F. „ „ 2-88 m. „ 

In condensing a given weight of steam, the greater the quantity and the lower the 

temperature of the injection-water used, the less will be the tension of vapour, and 
consequent counter-pressure. 

In practice, a final temperature of 120** F. in the injection-water = 1 ”65 lb. pressure 
per square inch, may he considered an average result. Buppose the initial temperature 
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nature and amount of the traffic; as, for example, the extent to which it must he 
subdivided into indmdual trains, — the speed at which it has to be conveyed, — 
the gradients of the railway, Nevertheless, it may be borne in mind that the 
greater the pressure at which the steam is made to act in the cylinders, and 
the smaller the volume of steam emittect on the journey, the' greater will be the 
saving in fuel. ’ * 

Generally speaking, the pressure of steam in the cylinder is much below the 
pressure in the boiler when the engine is travelling at a high speed. 

On starting a train, or for enabling it to surmount an occasional steep inclination, 
it is most desirable to have large cylinders, to gain the requisite amount of power ; 
but when the speed has been attained, or the incline surmounted, the force is 
reduced, the steam becomes attenuated in the cylinders, and the large cylinders 
are the direct occasion of waste of fuel, and in fact prevent the attainment of as 
high a velocity as wmuld result under the same circumstances, were the cylinders 
smaller. 

The contrivance of some easy method of varying the power of an engine whilst in 
motion is still a desideratum. 

In one way, indeed, this is already in many instances done by cutting off the steam 
at different points of the stroke, and working expansively ; hut considering the com- 
paratively low avei'age pressure which the steam assumes in the cylinder at high 
speeds, and that it cannot be allowed to expand "below pressure of the atmo- 
sphere,— also that the last atmosphere remaining in the cylinder has not taken any 
part in the effective” duty of the engine, but is, so to speak, thrown away, whether 
the engine is worked expansively or not,-— -it seems very doubtful in theory, and the 
results of practice would seem to confirm this view, whether any real advantage is 
gained by the so-called eximnsive working. 

Some simple and inexpensive means of effecting a condensation of the remain- 
ing atmosphere of steam, reserving the excess above one atmosphere for producing 
the blast, combined with the means of working expansively, would effect all that is 
desired, and at the same time permit a reduction in the sfre and weight of the boiler 
and engine.. 


IV. Loss as afishiff /tom hn^ effect Condensation^ cind froM Kccit cdffied of and 
not recovered from^ the condensing Watei\ 
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to be 52°, tbe quantity of injection- water admitted mnst be at least 16 times tlxe 
weight of steam condensed ; for 

_ ^ „ « , ' , . . Units of lieat. 

In 1 ID. of steam there exists, as measured above the freezing point 

• • • • » . . . . . ,1152 

From this deduct 120°- 32 , , , , ^ , , , 88 


The difference in the number of units of heat abstracted from the 
steam to reduce it to water and vapour at the final temperature of 


1064 


To every pound of the cold injection -water (120°— 52°=) 68 units of heat are 
added; consequently 1064-j-68 = 15*6 ibs., the weight of water required to con- 
dense 1 lt>. of steam, about Jjth part of the heat imparted to the injection- water, when 
pumped out of the condenser, is restored to the service of the engine : the remaining 
Ifths go to waste. 

It has been ingeniously proposed in a recent patent, that of Mr. Siemens, to 
obviate much of this loss by employing a peculiar form of condenser and arrange- 
ment of the valves, by which the steam issuing from the cylinder shall he pre- 
sented in successive portions to a range of compartments in the condenser, in 
such order that the hottest steam comes in contact with the hottest condensing 
water; the next portion in contact with cooler water, and so on, until the last 
expansion is condensed with water of the temperature at which it can be obtained ; 
a series of operations which, although strictly consecutive, may be conceived as being 
practically simultaneous. The injection-water entering the condenser at a temperature 
of 52 would issue from it at the boiling point, and be pumped from thence into the 
boiler at a temperature 92° higher than it , attains in the usual manner, effecting a 
corresponding saving of fuel, besides accomplishing a more perfect condensation. With 
the aid of such an apparatus, it has been also suggested to render the pi'esent non- 
condensing engine partially condensing by the use of a very limited supply of con- 
densing water, allowing part of the steam to escape in the usual way through the 
eduction or blast pipe, and to condense only the remaining volume of steam as at, ox 
below, the atmospheric pressure. 

The injection-water entering at 52° and issuing at 212°, would carry off fi'om the 
steam 160 units of heatr Those portions of the steam which condense at 52°, or at 
other temperatures 212°, act the part ot condensing water in the successive 
compartments of the condenser, until finally the condensed steam issues from the last 
compartment at 212° Consequently the condensed steam merely gives up its latent 
heat, 972 units (1152°— 180°), and the proportion of condensing water to steam would 
be as 972 : 160, er as about 6:1, 

Reverting, for the sake of illustrating the general case of a non-condensing engine, 
to the case of the locomotive with 12-inch cylinder, 18dnch stroke, and 5-ffc. wheels, 
we have seen that the weight of steam passing through the cylinders per mile for 
neutralising atmospheric pressure was 57*26 lbs. To condense this (57*26 x 6 = 344 lbs. 
or) 35 gallons of water per mile would be required. Supposing the engine to be 
working with a load equivalent to a total pressure of four atmospheres on the pistons, 
the water evaporated to supply steam of that pressure would be, exclusive of waste, 
(1562 cubic feet of steam divided by 474, the relative volume of steam at that pres- 
producing water, =3*3 cube feet, or) about 20 gallons per mile. The 
boilet wdidd be supplied with 20 gallons per mile (plus whatever might supply waste) 
from.^T^t ;at;boin point derived from the condenser, and the remaining 
15 gaUom heafed vrater would go to waste. If such an additional supply 
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of water coxild be ; maintamed without inconYenieiice, tlie adrantitges resulting wonld | 

1st, An increase of effective power in the engine in tlie ratio of 3 atmosplieres I 

to 4 atmospheres, for the same quantity of water evaporated or fuel nsed, irre- | 

spective of any benefit from expansive working, | 

2ndly, The opportnnity of working the steam expansively to a greater extent | 

than has hitherto been practicable. f 

Srdly, That the boiler is fed with hot water. | 


SECTION II. — PEACTICAn OBSEEVATIONS ON RESISTANCES TO RAILWAY TRAINS,* 

Resktmices on the Narrow Gauge, 

Table TIL (p. 533) is taken from Mr. ‘Tyndham Harding’s Paper ^ on the Resist- 
ances to Railway Trains at different Telocities.’' — {Vide article ‘Railway,’ p. 241.) 
This Table contains very full explanatory data to each experiment, which are not 
necessary for general information; hut those who are desirous of fully investigating 
the subject for themselves should refer to the original Paper for full details of the 
summary given in the present Table. 

The formula based on these experiments, furnished by Mr. Scott Russell, was 
adopted by Mr. Harding, “ simply as an empirical formula, in order to see how far it 
agreed with the facts furnished by experiments made, as has been explained, by dif- 
ferent persons at different times,’* and is thus described by Mr. Harding : 

“ The formula is very simple, and is based on the doctrine of the causes of resist- 
ance to the advance of railway trains being divisible into three classes, 

“ The first class of resistance is what is understood by friction, and is constant at 
all velocities, 

“The second class is what is understood by frontage resistance, and increases as 
the square of the velocity in miles per hour, the resistance at one mile per hour being 
per square foot of frontage. 

“The third class of resistances may be termed, for want of a better word, resist- 
ances from concussion : the existence of such a class of resistances is indicated by 
the concussions and vibrations clearly perceived by a train in rapid motion. This class 
of resistances is held to vary in the simple ratio of the velocity. 

“ Calling the friction 6 lbs, per ton, the number of tons weight of the train = T, 
the velocity of the train in miles per hour = Y, the resistance per square foot of 
frontage at l^mile per honr == ’0025 lb., the resistances from concussions in pounds 

Y 

per ton of the load at 10 miles per hour and above == -r-tj the number of square feet 

' " o 

in the frontage of the train = H ; the formula giving the resistance in pounds per tou 
(of the weight of the train) is 

. Y (V^ X *0025 X K) 

6 + -+i— J 

“ The results which this formula gives are shewn in the last column of the Table, 
When an engine runs with a train, the friction of the engine is taken at 15 lbs. per 
ton of its weight. 

“It will be seen that the results of the formula are somewhat higher than those of 
the experiments at the lower velocities, for which it is not difficult to account. In the 
higher range of velocities, where the formula is better tested, its agreement with the 
experimental results is very close. 


* From a paper by Mr. John Sewell, C.B. 


t The divisor 3 is assumed. 
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It appears that it applies well to passenger trains from 20 tons to 64 tons weight, 
and from 30 to 60 miles an hour, 

‘' Table II. affords the means of readily obtaining the resistances in ibs; per ton 
(according to this formula) oftrains of passenger carriages travelling at any speed 
bet-ween 10 miles and 61 miles per hour.” 

The method of applying this formula and Table 11. will be best explained by 
examples. 

Having the velocity, weight in tons, and frontage in sq.uare feet given,— to find the 
resistance. ■ 

1st. Multiply the weight in tons by 6 lbs. for friction resistance. 

2nd. Multiply one-third of the velocity by the weight of the train in tons, for the 
concussion resistance. 

3id, Multiply the square of the velocity by *0025 fbs., and multiply that product by 
the number of square feet of frontage, for the atmospheric resistance. 

4th. Add together these three resistances, and divide the sum by the weight of the 
train in tons, which will give the resistance in lbs. per ton. 

jKaj.— Taking a train of 21 J tons, with a frontage of 60 sqnare feet, and a velocity 
of 35 miles per hour, — required the resistance in ibs. per ton ? 

Weight 21*5 X 6 . . . =129 = friction resistance. 

Velocity x 21*5 , . = 249 *4 = concussion resistance. 

Erontage 60 x *0025 x 35^ = 183*7 = atmospheric resistance. 


Total resistance = 562*1 ' ^ _ 

Weight m tons = = 26-1 »s. per ton. 


To find ike hm'^se-power ofi the Multiply the total resistance (just found) 

by the velocity of the train in feet per minute, and divide by 38,000, which will give 
the horse-power. 

By Table I. — At a speed of So miles an hour, the velocity is 3080 feet per 

minute : hence total resistance = 52*46 horse-pow'er. 

ooOOO 

By Table II. this operation is readily performed. 

Taking the same data as last example, and referring to the Table for 35 miles an 
hour, we find it is not given ; bnt the mean between 34 and 36 miles will be suffi- 
ciently correct for our purpose, and it gives 17 *6 lbs, for friction and concussion 
resistance. Eor atmospheric resistance the mean is 30*6 lbs. per sqnare foot. Hence 
30*6 X 60 


21*5 

gives 26*1 


■= 8 *5 lbs. per ton for atmospheric resistance, which, added to 17*6 lbs., 
3. per ton of resistance, as before. 


Bor horse-power, 


26*1 X 21*5 X 3080 


52*46 horse-power, as before. 


33000 

This Table, therefore, facilitates the various calculations of resistances as found by 
Hr. Scott Bussell's formula. 

To prevent n^understauding, it will be best to quote Mr. Harding’s observations. 
He says, “Engineers are particularly reminded, that the resistances of which the 
present Paper treats must be understood to be the resistances, in calm weather, of 
engmss amd carriages of the ordinary construction, in good repair, on a railway also in 
good repair. 

In actual practice, various circumstances will arise, as side winds, want of repair, 
or adjusttnenefein the carriages or road, sharp curves, &c. j all which tend to make the 
resistances paore than the experiments shew.” 
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In the comparative Diagram of Resistances accompanying Mr. D. Gooch’s experiments 
this is clearly shewn, and is the reason why the lines of resistance of tho 50 tons trams aro 
higher than those for the 100 tons trains* 
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Resistances on the Broad Gauge, 

Various experiments made to ascertain the resistances to railway trains at different 
velocities were conducted hy Mr. D. Groocli on tlie Bristol and Exeter Eailway, in 
order tliat he might answer tffe queries sent to himj and also to othier Engineers, by 
tbe Bailway Commissioners. 

Messrs. Stephenson, Locke, M ‘Connell, and Trevithick, in their replies on tliis 
point, referred to Mr. Wyndliam Harding’s Paper ^‘OnBesistances to BaUway Trains,” 
already explained ; but Mr. B. Coock instituted and carried out that valuable set of 
experiments publisbedwitk full details in tbe Appendix to tke Bailway Commissioners’ 
Beport to the House of Lords on Bailway Communication between London and 
Birmingbam, * 

In these experiments are given, separately, the resistance due to the train, and the 
resistance due to the engine and tender preceding the train. This is an important 
step towards obtaining an accurate formula for estimating the resistances to railway 
trains of different weights and at different velocities. 

The advantage of separating the engine and tender resistance from that of the train, 
in any general formula, will be evident by comparing its effects per ton on trains of 
different weights. ♦ 

Eor instance, taking two of the experiments in Table III., at nearly the same velocity, 
but with different loads, we have for 100 tons, at 56 *6 miles per hour, the engine and 
2469 

the tender resistance** "^ 49 ;^ lbs. = 16‘5ibs. per ton over the gross weight of the 

train. For the 50 tons train, at 58 miles an hour, the engine and tender resistance » 
2085 

ibs. = 20*7 lbs. per ton over the gross weight of the train. 

A similar effect is produced on trains at low velocities. For 100 tons, at 21*1 

' ■ 807 ^ '■ 


miles an hour, we have engine and tender resistance 


s. =s 5*3Bs, per ton ; 


and for 50 tons, at 21*8 miles per hour, the engine and tender resistance ~ 
973 

ibs. =s 9 *8 ibs. per ton. 

It appears from this that the effect is about 4*2 ibs. per ton for the high velocity, 
and 4 * 5 lbs. per ton at the low velocity, greater resistance from the engine, over the 
weight of the light train than over that of the heavy one.* 

The great amount of power absorbed by the engine itself is quite prominent 
throughout the whole of these experiments. Column 4, Table III., shews the resist- 
ance of the engine and tender considered as part of the train. Column 5 shews the 
estimated resistance of the machinery of the engine after deducting the resistance due 
to the engine and tender at the ratio of the train resistance. 

The resistance of the machinery, however, admits of explanation. The connecting 
rods are of considerable weight, and freely suspended between the crank and cross- 
head. With a 2-feet stroke (that of the ‘Iron Duke’ class), the heavy end of the 
connecting rod travels through a space of 6*283 feet each revolution of the wheel, 
and for two connecting rods gives 12*560 feet for each revolution ; while the other 
ends of the connecting rods travel about 8 feet during the same time. 72 miles an 
hour is about the maximum speed of this class of engines with a moderate load. The 
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driving wlieels are 8 feet diameter, and the stroke heing 2 feet, gives the average 
velocity of the piston as 1000 feet per minute. The irregular motion of the crank 
■will, however, make the velocity of the piston in the centre of the cylinder ahout 
1500 feet per minute. The crank has at the same moment its greatest power, and the 
piston its greatest velocity, when the unbalanced centrifugal power and momentum 
of the connecting rod and crank change the direction of their forces. For instance, 
if the crank he on the top centre, and suppose that part of the connecting rod, with 
the crank to which it is attached, weighs no more than 560 its., we have this weight 
descending in a forward direction for 1*57 ft., and for the next 1*57 ft. descending in 
a backward direction, at an average velocity of 1575 feet per minute. Fow if the 
weight is multiplied hy the velocity, it gives 882,000 ihs. of mixed forces of momen- 
tum of the connecting rod and centrifugal force of the crank, changing the direction 
of its forces no less than eight times for each revolution of the dxdving wheel. As 
there are two connecting rods and cranks in motion to produce one revolution, conse- 
quently it requires two- 
downward and for- 
ward, two downward 
and hack'ward, two 
upward and backward, 
and two upward and 
forward changes of the 
direction of the forces 
generated by the com- 
bined movements of 
the crank and connec- 
ting rod. The dotted 
lines of the annexed 
diagram will shew 
what is meant by the 
different directions of 
the centrifugal force 
of the connecting rod 
and crank. The ar- 
„ rows ' indicate', dlie 

direction in which the crank is moving, and the letters the direction of the forces. 
1)]?= downward and forward. i>b=: downward and backward. tjb= upward and 
backwai'd. 111 '= upward and forward. 

The above estimate and diagram are given for illustration only, as it requires cor- 
rect data to estimate the resistance accurately; but they will give an idea of the 
nature of the resistance to be overcome at high velocities, above that of the blast and 
slides. ;■ ■■ \ 

. ’When a locomotive piston travels at the average i*ate of 1000 feet per minute, the 
power absorbed by the unbalanced momentum of the machinery must be very consi- 
derable, and, far more than the resistance of the atmosphere, limits the velocity 
attainable by any class of engines. Practical men have long sought to find a remedy 
for this unbalanced momentum ; and the higher the velocity, the more desirable it is 
that the piston and rod, the connecting rod and slide valves, should all be properly 
Waiwd* 

Mr. ^’^aton, Mr. B. Gooch, and Mr, McConnell were for some time engaged 
with on this subject ; and it was hoped that they would ultimately succeed 

in devising a practical retaedy for the unbalanced machinery of a locomotive engine. 
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In pi'actice it is found that tlie height of the driving 'wheel, other circumstances 
being alike, decides the average speed for each class of engines. This may he taken 
as proof that it is the resistance of the machinery -which limits the speed, and that hy 
giving it more ease, an increased standard of velocity is attained, corresponding to the 
ease given. Accordingly, Mr. Stephenson, in his 8-wheeled class of engines, adopts 
a 7~fee6 wheel, and Mr. Crampton, in his patent 8-wheeled engines, still further 
carries out the same principle hy adopting an 8-feet wheel with a low centre of gra- 
vity, both necessary and desirable means for obtaining steadiness, speed, and safety 
on any railway. 

Those who have travelled on locomotives at high velocities could scarcely fail to 
notice the rapid movements of the working parts of the engine without reflecting on 
the great power required to produce and sustain that movement itself, independent of 
load. To them, the above explanation of the supposed cause of resistance will be 
clearly understood. To others, who may not have had such an oppoi-tunity, an ex^ 
ample will best explain it, and perhaps be the means of drawing both theoi-etical and 
practical attention to ascertain the value of such resistance, including the slide valves, 
the blast pipe, and compressed steam at high speeds. The ‘ Emperor ’ locomotive 
(one of the ^Iron Duke’ class) travelled from Eidcot to Paddington, a distance of 
53 miles, with the ordinary express train, in 494 minutes. The ‘ Gfreat Britain,* 
With wliioh the experiments referred to were made, is said to have run the same dis- 
tance in 47 1 minutes with the express train. The speed, therefore, was not an 
extreme one throughout, as no effort was made to obtain a high speed, but the engine 
was worked in the ordinary way. 

The day was calm, but cloudy, aM a higher speed was expected along the good 
straight road from Twyford to Maidenhead, but it was comparatively little increased. 
The steam was blowing off, and the fire-door was opened to check it. There was no 
side wind, for it was in a cutting, and the only atmospheric resistance was that due 
to the velocity. The load was about 60 tons : the speed was at the rate of from 70 
to 72 miles an hour— a high speed, it is true, but the question immediately suggested 
itself, —Why, under such favourable circumstances, was the speed not higher 
eliciting only another question,— Where lay the limiting resistance to a higher speed ? 
for there was clearly an equilibrium between the power and the resistance. The 
answer which occurred was this,— that it was the unbalanced machinery, the un- 
balanced slide valves, the effects of the blast, and of the steam compressed in the 
cylinder, which mainly limited the speed to 72 miles an hour. 

If this be a correct view of the limiting cause of the speed of locomotive engines, 
it follows that increased velocities must be sought for by giving greater ease to the 
machinery, along with increased boiler and cylinder power. The investigation of 
Mr. E. Q-ooch’s experiments seems to confirm this conclusion, and it is submitted 
now with the view of drawing the attention of future experimenters to determine its 
value as a principal resistance to railway trains at high velocities. 

In submitting, therefore, an abstract of Mr. E. Gooch’s experiments, the practical 
question has been kept clear from alb other considerations, and the indicator and 
dynamometer resistances only investigated ; these, being taken by competent and 
impartial persons, are valuable as data of resistances to railway trains under similar 
circumstances. The shortness of the distance experimented upon is the only drawback, 
but it renders the minutest error visible in the tabulated results in the Beport to the 
House of Lords ; and where these were observable, they have been omitted in taking 
the averages given in Table III. As the weather was very unfavourable for experi- 
menting when they were made, they may be fairly regarded as giving average 
resistances on a calm day, and everything in good working order. 
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In Table III. tlie indicator and dynamometer resistances are given separately for 
tire engine and train, and combined for tbe gross load. Tlie first twelve coinmns are 
practical, and tlie headings will explain them : the next two coinmns are explanatory 
of the circumstances occurring when the experiments were made: the last nine 
columns are theoretical, calculated from a formula which will now be explained. 

The resistance for the engine and tender, it will be observed, increases in the ratio 
of the velocity, regulated, however, by the load. Commencing at S J lbs. per ton at 
1 mile an horn', the ratio of the increase is ‘5 ib* per mile per hour. From this we 
have the velocity X *5 + 5 = resistance of engine and tender per ton for their 
own separate resistance. The additional resistance to the engine from the atmosphere 
and load is taken as the square of the velocity x by the weight of the train, and by 
*00004r, to be added to the preceding for the resistance per ton, and multiplied by 
their weight for the total resistance of the engine and tender in lbs. It may be thus 
stated : 

Telocity x *5 +5 + velocity^ x weight of train x *00004 = engine and tender 
resistance per ton, 

By this formula columns 19 and 22 are calculated. 

The atmospheric resistance is taken as increasing in the ratio of the square of the 
velocity in miles per hour, regulated by the bulk of the train. 

Messrs, W. Harding* and D. Gooch have both adopted Pambour’s theory of frontage 
as the measure of atmospheric resistance. Kegarding, however, the experiments 
made by Dr. Lardner for the British Association as more satisfactory than those made 
by Pambonr, and the conclusions f of Dr. Lardner as supported by his experiments, 
they have been adopted in investigating Mr. D. Gooch’s experiments. 

By combining the bulk and velocity together in estimating the resistance of the 
atmosphere, results are obtained which vary with every varying load and speed, 
thereby fairly reimesenting the displacement of air by railway trains of all 
dimensions. 

For instance, the train with which these experiments were made, as shewn on the 
drawing accompanying them in the Eailway Commissioners’ Eeport, measures 276 feet 
.long, which corresponds with the average length of the carriages and intermediate 
spaces between them. Their width is 9 feet, and height of bodies TJ feet; this gives 
276 x 9 x7i~ 18009 cubic feet of bulk for 10 carriages weighing 100 tons. 
By rejecting the odd 9 feet, we have 180 cubic feet of bulk = 1 ton weight of 
passenger carriages. 


* Mr. Harding, although adopting the frontage estimate for the atmospheric resistance to 
trains, yet clearly pointed out in his Paper (page 34) the objection to this mode of estimating 
that particular resistance. He says in conclusion, on this point, — “This objection points to 
tho necessity of taking into account, in comparing resistances per ton of different trains, the 
composition of the trains, the resistances of which are being compared, especially as to thoir 
bulk or specific gravity, and other similar circumstances. It is not, however, easy to see 
what unit or common measure could bo used in such comparisons winch would bo so con- 
venient or intelligible to engineers as the ton weight.” This unit I have endeavoured to 
supply by the actual data of ISO cubic feet of bulk being equal to one ton in weight for pas- 
senger carriages on the broad gauge. Tho same unit will be nearly correct for the narrow- 
gauge passenger carriages also. — J. S. 

t After making a number of experiments with various sized and shaped vehicles, Dr. 
Gardner’s conclusions on atmospheric resistance were,-— 

> That the shape of the front or hind part of the train has no observable effect on the 
, , resistance. 

, " the spaces between the carriages of the train have no observable^ effect on tho 

with the same width of frontage, suffers increased resistance with tho 
incre^bsed bnlfc cib volume of the coaches.” 
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There is so little diferenes in the proportion of baik to weigM of carriages on botli | 

gaiiges, that the same ratio will, without material error, apply to both. The following | 

average dimensions and weights, taken from Mr. D, Cf-ooch’s evidence as given in the i 

Gauge Oommissioners’ Eeport, will shew how nearly they are alike. The height of ■ 

the bodies only has been taken, as any atmospheric^resistance to the wheels is more | 

properly included with friction and oscillation. . i 



Average i!?o. of 
passengers per 
carriage. 

p.ri 

o. « ^ „ 

Wj a? S 
‘S 

JXl o 

§ . 1 

fi ^ 

Average weiglit 
of loaded car- 
riage. 

Average dimensions of 
carriages. 1 

Average bnlk in 
cubic feet of one 
carriage. 

Average bulk 
per ton. 

Length 

Width.: 

Height. 


No. ! 

CWt. " 

cwt. 

cwt. 

feet. 

feet. 

feet. 

cub, ft, 

cub. ft. 

Broad gauge 

^ 52 . i 

78 

147 

225 

254 

9 


1664 

147-9 

bfarrow gaxige 

21 i 

Sl-i 

80i 

112 

17 

7 

7 

83B 

148-8 


The spaces between the carriages make up the difference shewn by the tabular 
bulk per carriage, and that obtained per carriage when forming part of a train. Until 
a more careful inquiry shall determine a better ratio, the approximation of caniages 
on both gauges is so near, that 180 cubic feet per ton might be tried for the narrow 
gauge as well as for the experiments to which it is now applied. 

Independent, however, of Br. Lardner’s conclusions it is reasonable to assume that 
a train of the bulk of 18,000 cubic feet would experience greater atmospheric resist- 
ance than a train of Only one-tenth of that bulk. This, however, is not recognised in 
the frontage theory, which, to make up for its apparent deficiency, even in the Comte 
Be Pambour’s experiments, included wheels, the eddying between tbe carriages, and 
(if it were fully carried out) should also have included the resistance from every open 
carriage-window in a train. By taking the bulk for the measure of atmospheric 
resistance, it embraces all these in a much more satisfactory manner than can be done 
separately, and for these reasons it has been adopted at this time in investigating the 
broad-gauge experiments. 

The atmoSphei'ic resistance is therefore taken to increase in the ratio of the square 
of the velocity in miles per hour x by the bulk of tbe train in cubic feet, and by 
•00002 as a co-efficient per ton of train. By this data column 16 is calculated. 

The friction resistance is taken at 6 R)s. per ton, as seen in column 15. 

The oscillatory resistance is taken as increasing in the ratio of ^Ith the velocity x 
by the weight of the train only. Column 17 is calculated by this data. 

Bor what reason experimenters separate these two last resistances does not clearly 
appear. They are evidently the same resistance, increasing in the ratio of the 
velocity only. Oscillatory resistance is mainly the increased firiction of the axle 
bearing against the collars of the axle, consequent upon the transverse vibrations at 
high velocities. It is practically and forcibly exhibited in the wearing away of the 
ends of the axle bearings, which in many instances wear more rapidly than the top 
pai*t where the weight rests upon. The bearing has then to be lengthened, or thrown 
aside as old metal. 

Such practical evidence is the strongest proof that the axle friction is not constant 
at all velocities, but increases with the increasing velocity, and should be so estimated 
generally, as in Table lY. and in the ‘ Biagram of Besistances.’ {See Plate.) 


In Table 'III. they have, however, been given separately, the better to test the 
formula, and also as an unit to start from, adopted by former experimenters and 
investigators of reslsstances to railway trains. 
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The formula, therefore, by which the estimated resistances in Table III. and I’V'. 
are calculated is submitted as an empirical one only, and embraces, — 

1st, The engine and tender resistance, increasing in the ratio of the velocity for 
their own resistance, and in the ratio of the square of the velocity, regulated by the 
load, for atmospheric and load resistance. 

2ndly, The atmospheric resistance of the train, increasing as the square of the 
velocity, regulated by the bulk of the train. 

Srdly, The oscillatory resistance, increasing in the ratio of the velocity (estimated 
at one-fifteenth), regulated by the load. 

4tMy, The friction resistance (for the reasons given, estimated at 6 lbs, per ton), 
regulated by the load. 

It is, therefore, simple in its elements, and may be thus expressed. 

Calling the weight of the train in tons =T, the friction of the train per ton = 6 tbs., 
the bulk of the train in cubic feet = B, the weight of the engine and tender =B, 
the velocity = y; we have for a formula by which to estimate the resistances 
separately, 

E X (Y X ‘5 4- 5 + Y^ X T X •00004) = engine and tender resistance in ibs. 

Y^ X B X *00002 . . . . , . . = atmospheric resistance in ibs, 

Y X T ■■ ■■ . ■ . 

— ■ • ♦ • • • • ♦ V • * = oscillatory resistance in lbs. 

T X 6 . . * , .... , . = friction resistance in Bs. 

These separate resistances, being added into one sum and divided by the gross 
load, give the estimated resistance per ton. Briefly it would stand thus • 

E x (Vx -5 + 5+V2 X T X *00004) + (V2 x B x *00002) +— 

10 4 hi. i» 

= resistance per ton. 

The theoretical resistances given in Table III. are from the above formula, and 
their general agreement with the (somewhat irregular) practical results is satis- 
factory. 

Table I Y. is also drawn up from this formula, to fixcilitate estimating the resistances 
of trains under similar circumstances on a level line, a calm day, and engine, 
carriages, and road in good working order. 

The Diagram* shews the same resistances as Table lY., exhibiting them separately 
for the engine and train. Eor the reasons already mentioned, lines of resistance for 
the engine and tender, with various loads, are also shewn separately. Being divided 
into tenths of an inch each way, either miles oi lbs. can be counted without the aid of 
a scale or instruments. The base line indicates the velocity in miles per hour. The 
vertical lines indicate the Bs. per ton at the point intersected by the line of resist- 
ance. Each tenth of an inch along the base line represents one mile, and each tenth 
of an inch on the vertical lines i*epresents 1 B. 

As the additional resistance from the atmosphere and load on the engine and 
tender is only 2’20 Bs. per ton of the train, at a velocity of 75 miles an hour, it is 
shewn in a separate diagram, where the miles on the base line are represented by 
tenths of an inch ; but tbe Bs. on the vertical lines by hundredths of an inch. This 
admits the resistance in hundredths of a B. per ton to he counted without the aid of 
instruments. The resistance in Bs. per cubic foot of bulk is one-half of this additional 
resistance. 


^ Owing "to tfce small scale of the Diagram, there is some irregularity in the train lines D, 
which is accideni^ and not the result of the theory ; but Table IV. gives thona correctly in 
" figures, ’ 
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Tlie results arrived at in tliis investigation, and embodied in tbe diagrams, demon- 
strate tlie necessity of a more perfect mechanical construction of the locomotive engine, 
and fully explain what has been stated regarding the vast amount of power absorbed 
by the engine itself. 

The application of the Formula and Tables will now be explained by examples, as before. 

Having the velocity, weight of engine and tender in tons, weight of train in tons, 
and hulk of train (exclusive of engine and tender) in cubic feet, givea,— i-equired the 
engine and tender resistance, the atmospheric resistance, the oscillatory resistance, 
and the friction resistance, separately ; also per ton of the gross load ? 

1st, Multiply the velocity by ’5, and to tbe product add 5 for the friction of the 
axles and machinery of the engine. For the additional resistance of the atmosphere 
and load on the engine, multiply the squai*e of the velocity in miles per hour by the 
weight of the train in tons, and by ■00004. Add these together for the resistance in 
lbs. per ton of the engine and tender, and multiply by their weight in tons for their 
total resistance in lbs. 

2ndly, Multiply the square of the velocity hy the bulk of the train (excluding the 
engine and tender), and by *00002, for the atmospheric resistance in lbs. due to the 
•train.' 

3rdly, Multiply the velocity hy the weight of the train, and divide hy* 15, for the 
oscillatory resistance of the train in lbs. 

4thly, Multiply the weight of the train in tons by 6, for the friction resistance 
in lbs. 

5thly, A.dd into one sum these resistances, and divide by the gross weight of the 
train in tons, for the resistance in lbs. per ton of the gross load. 

jS’cc.— Taking a train of 100 tons, engine and tender of 49*2 tons, velocity 56*6 
miles per hour, and bulk 18,000 cubic feet, —required the separate resistances, and 
the resistance per ton of the gross load ? (See Table III.) 

For the engine and tender resistance we have 

56*6 X *5 + 5 + 56 *62 X 100 X '00004 == 46 *1 lbs, per ton X 49 ‘2=2268*12 lbs. 
resistance for the engine and tender. ' 

In order to test the formula, it will he contrasted, throughout this example, with 
the experimental results. On referring to the Table it will be observed that the expe- 
rimental resistance is greatest hy 201 lbs. As the train was, however, subjected to a 
‘ strong side wind,’ the whole of the experimental results are greater than those found 
by the formula. In other instances the resistances found by the formula are greatest. 
It is, therefore, by its general agreement with the whole of the experiments that it 
should be tested, and not by any one experiment. The example now taken shews a 
total diiferenco of 251 Ihs. ; 201 lbs. of which are due to the engine, or about 41bs. 
per ton on the engine and tender weight, shewing that althpngh the resistance of the 
engine is estimated at a high rate, it does not appear to be in excess for ordinary con- 
tingencies, being too low for tbe effects of a side wdnd on tbe engine. 

For the friction resistance we have 100 x 6 = 600 tbs. This, taken from the dyna- 
mometer resistance of 2180 11)8., leaves 1580 lbs, to be divided between the atmo- 
spheric and oscillatory resistances, and so limits the inquiry as to admit of no great 
, error in estimating them. 


56*6x100 

For oscillatory resistance ^we have — = 


577*3 lbs., which, taken from 1580, 


leaves 1202*7 lbs. 

For atmospheric resistance we have 56'6^ x 18000 x *00002 = 1153*28 lbs., or 
49 *4 tbs, less resistance for the train hy formula than by the dynamometer, being 


f 

t 

I 

I 
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witliiu half a pound per ton of tlie weight of the train, although exposed to a side 
■wincL 

Stated concisely, these calculations woiild stand thus t 

lbs. , Resistances. 

56-d X ‘5 + 5 -i- 56*6- X 100 x *00004 x 49*2 = 2268*12 = engine and tender. 
inA S = 600 = friction.^^ ^ ^ 


^6*6 X 100 OWI7 <> m X 

________ SS3 877 3 ~ oscillatory. 

' 15 ' 

56*6- X 18000 X *00002 = 1153*28= atmospheric. 

■ 4398*7 

0ross weight of train “ 29 '48 fiis. 

per ton of the gross load, 

fhe experimental resistance was 31 *16 Ihs. per ton, the estimated resistance 29 *48 
lbs., or 1*68 fb. per ton of the load less than the former ; a near approximation to a 
train haTing the retarding inhuence of a side wind to contend against, with four-fifths 
of this difference due to the engine. 

The formula, therefore, from w*hich this estimate, Table IT., and the Diagram, are 
drawn up, appears to be sufficiently accurate for general reference for engines and 
trains on the broad gauge of the class experimented with by Mr. D. (dooch. 

As these experiments were made with an engine and tender weighing about 50 tons, 
with 8-feet driving wheels, the line of engine and tender resistance per ton on the 
diagram will only apply to engines of the same general class and weight. The greater 
ease to the machinery of an engine with 8-feet driving wheels over that of an engine 
with 5, 5 if or 6 -feet wheels, is necessarily very considerable, as seen below. 

By Table TI. the revolutions of an 8-feet wheel per mile are 210*1 times,— of a 
6-feet wheel 280*5 times,— of a SJ feet wheel 305*6 times,— and of a 5 -feet wheel 
336*3 times ; consequently, for a rim ijf only 50 miles, it gives 


0ross weight of train ■ 


29 •48 ibs. 


Revolutions of the 
chiving wheel. 


No. of the cylinders 
of steam to exhaust 
through the blast pipe. 


For an 8-feet wheel 210*1 x 

50 =10505 

or 

42020 

J5> 

6-feet „ 

280*5 X 

50 =14025 

or 

56100 

5) 

54‘feet ,, 

305*6 X 

50 =15280 

or 

61120 


5 -feet ,, 

336*3 X 

50 =16815 

or 

67260 


As the resistance of the machinery, slides, and blast increases rapidly in proportion 
to the velocity of the piston and the number of exhausts of steam per minute, the 
line which indicates the g^th of the resistance due to the complete machine for gene- 
rating power, with its machinery moving |, or f slower than the working parts of 
another power-producing machine, it is evident, would not indicate #h of the resist- 
ance due to the more rapid moving machinery of a lighter machine. The ratio of the 
resistance for the latter machine would therefore he much higher than g^th of that 
due to the ‘Glreat Britain’ class of engines. 

That the machinery of the ‘ Great Britain’ works freely is beyond question. Twice, 
with the ordinary express trains, this engine maintained an average velocity of 
nearly 67 miles per hour over the 53 miles from Paddington to Didcot, including 
starting from a state of rest until coming to the stopping platform again. The one 
• trip was up gradients averaging 4 feet per mile, the other down the same gradients, 
trip up the gradients is generally run in least time : this arises from having 
the speed quite low on the down trip, nearly a mile from Paddington, 
wMeh All# much longer time to run over than is fairly due to stopping at any 
other staiafe* ' • ' ' 
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Sixty-soyea miles an hour is about the maximum average velocity of the ‘Iron 
Duke ’ class of engines. The ‘ Great Britain * was made from the same drawings as 
tlie ‘iron Duke/ and tke performances of the whole class are as nearly alike as those 
of any class of engines can he. A new class of engines of the same general construe^ 
tion, hut with 3 inches shorter tubes and 6 inches longer fire-box, appear, from the 
performance of the ‘Courier’ (one of the new class), as reported in the Mm'ning 
Memkl (although only newly out of the shop), to have equalled the ‘Iron Duke* 
class. As the area of the blast pipe of the ‘Courier’ class is larger by about 
4 square inches than the blast pipe of the ‘Iron Duke* class, it shews that the 
enlarged fire-box generates the same quantity of steam with less blast; and as the 
increased size of the blast pipe diminishes the compression, it so far eases the piston 
that a proportionally inoreased velocity will bo attained, with less consumption of 
fuel, from the milder blast on the fire. This consumption is as low as from 24 to 
26 lbs. of coke per mile for running 1078 miles per week with the mail trains, and 
that for engines newly out of the workmen’s hands. 

Regarding, therefore, 75 miles an hour as the maximum velocity of the best loco- 
motive engines of the day, the Table No. lY. and the Diagram of Eesistances from 
the formula have been carried out to that velocity only. When a higher velocity Is 
attained, it will be by some improved arrangements of the machinery, slide valve, and 
blast, which would give a lower I’atio of resistance throughout, and require new data 
to indicate the new line of resistance due to the superior arrangements of the power- 
producing machine. 

The line of resistance, therefore, which is applicable to the ‘ Great Britain’ class of 
engines cannot he applicable to other classes of engines (irrespective of gauge), as 
frona this investigatioiL it appears that each different kind would have its own separate 
line of resistance. As there is not so great variety amongst carriages as amongst 
engines, the ratio of resistance for the carriages would be more permanent than it can 
be for engines so variously constructed. 

The data for indicating the lines of resistance for locomotives of various descrip- 
tions are extremely limited. The Comte de Pambour clearly saw, and ably pointed 
out, the necessity of estimating the resistances separately. His experiments on the 
friction of loaded and unloaded engines were very good as far as they went, and only 
require to be fully carried out, to give the data necessary to lay down lines of 
resistance for any particular class of locomotives. 

In the Diagram of Eesistances the lines A and B indicate the mean resistance the 
Comte de Pambour found by experiment on engines from 8 to 11 tons weight ; but 
he gives no data by which to trace the direction of these lines. The only other avail- 
able data are those of two indicator experiments taken by Mr. D. Gooch, at 10 and 20 
miles an hour. The line marked C on the diagram shews the resistance per ton indi- 
cated by these experiments. It is not given for caleulatirig the resistance of the 
‘Ixion’ class of engines, but is given along with the resistances indicated by the 
Comte de Pambour’s experiments, as sufficient to shew that new experimental data 
are required to determine the law of , resistance to locomotive engines of various 
descriptions on both gauges. One inference which may be: drawn from the highest 
speed of the ‘Iron Duke* and other classes of engines seems to be this, that with a 
load, and at a velocity of 1000 feet per minute of the piston, locomotives have 
reached their maximum velocity as they are at present (1848) constructed. This 
point, however, should be investigated by future experimenters, in order to deduce 
from it some general law applicable to the velocity of the piston, and its relation to 
the highest speed of locomotives of various constructions. 

From what has been saic^ it will be clearly understood that the resistances indi- 

M M 2 



524 


STEAM ENGINE^ LOCOMOTIVE, 


I cated by tlie are those due to engines of the class of the ‘Iron Euke,’ and 

carriages of the ordinary construction on the Great Western Eailway, both in good 
i working order, on a calm day, and on a loTel railway in good repair. For gradients 

they req^uire to have the resistance per ton due to the incline, as in Table Y*, added 
to Ibe resistances given in Table lY. or in the Diagram of Resistances. For gradients 
not in Table Y. the resistance due to the incline may be found by dividing the lbs. in 
a ton (2240 ibs.) by the ratio of the rise in feet. Thus, if the gradient be 1 in 700 
■ 2240 

feet, we have — =; 3*2 lbs. per ton as the resistance due to the incline, to be 

I added to the resistance given by the formula, 

I With these observations we now proceed with the examples. 

I Ry Table lY. the resistances given by the formula are readily calculated. 

I — ^Required the total resistance, and the resistance, per ton of the gross load, 

I for a train of 60 tons, engine and tender 60 tons, bulk of train 10, 800 cubic feet, aud 

velocity 60 miles per hour, on a level railway ? Referring to the Table, opposite ' 50 
miles per hour’ is 30 lbs. for the engine and tender resistance, and *1 lb, for the 
additional resistance to the engine from the atmosphere and load per ton of the train, 
or *05 per cubic foot of bulk of the train. This gives for engine and tender resistance 
60 x‘l = 6 lbs,, to be added to the 30 tbs. due to the engine and tender alone, 
=36 lbs, per ton as the engine and tender resistance. For friction and oscillation 
the resistance opposite ‘ 50 miles perhour’ is 0*33 tbs,, and for the atmosphere 9 tbs,, 
hence' 

Engine and tender of 50 tons x 36 lbs. =1800 tbs. = 

Train ; > of CO tons x 9-S3 „ = 559-8 „ = 

of 60 tons X 9-0 „ „= resist- 

Total resistance =2^ ^ / 26-36 Bs. per ton of 

. Gross weight of train 110 V gross load. 

Or thus by bulk : 

Engine and tender of 50 tons x 36 lbs. == 1800 tbs. 

Train of 6Gtons x 9*33 „ = 559'8„ 

, , bulk of 10,800 cubic feet X *05 ,, = 540 , , 

Total resistance =2809*8 

=26*36 tbs. per ton, as before, 

Grossload . , 110 

By taking the total resistance of the train at once it shortens the calculation. 

Thus, 60x36 = 1800 
And for total resistance by Table 

we have 18*33 tbs. ; and CO x 18*33 = 1099*8 ^ 

Total resistance =2899*8 

= 26*36 lbs,, as before. 

Gross load * , 110 

For the resistance to the above train on a gradient of 1 in 100, requires to be added 
tbe gravity due to the incline, w*hich by Table Y. is 22*4 tbs. per ton ; therefore 
26]36-f 22*4=48*76 lbs. as the resistance per ton of a gross load of 110 tons, up a 
graC^t of 1 in 100, at 50 miles an hour. 

TRe^f.Diagram of Resistances greatly facilitates the calculation of the resistances 
found from ' the formula, and, if constructed on a large scale, would do so with sufii- 
oiept for all ordinary purposes. 
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j&^jj.—Taldrig the same data as last example, -“Xeq.'ulred tlie resistance in it>s. per 
ton on a level railway, and calm day ? 

The yeloclty being 50 miles and tbe train 60 tons, by referring to tlie Table, and 
following the ^50 miles’ vertical line until it intersects the '60 tons engine and ten^ 
der ’ line, we have 36Ibs., which, multiplied by the weight of the engine and 
tender, 50 tons, = 1800 lbs. Again, following the '60 miles ’ vertical line until it 
intersects the train line of resistance, we have 18 Jibs., say 18*33 lbs. x 60 tons 
= 1099 *8 ifes. + 1800 ihs = 2899 *8 lbs. total resistance, divided by 110 tons (the gross 
load) = 26 *36 lbs. 

Another example will illustrate the facility with which this Diagram of Resistances 
can be applied, 

Jh:. --Required the resistance of a train of 70 tons, engine and tender 50 tons, at 
60 miles an hour, on a level, also the resistance on a gradient of 1 in 800 ? 

By the Table we find the ' 60 mile ’ vertical line intersects the ' 70 ton ’ engine and 
tender line at 45 lbs., and the train line at nearly 23 lbs. (by calcnlation 22*96 lbs.) ; 

Therefore, Engine and tender of 50 tons X 45 lbs. = 2250 Ihs. 
and Train of 70 tons x 23 lbs. =1610 ,, 


3860 r tons, = 32*16 lbs. per 
Divided by the gross load =“1^1 ton, on a level. 


For the gradient, by Table V. the resistance due to 1 in 100 is 22*4 lbs. ; hence 22*4 

8=2*8 lbs, as the resistance per ton due to a rise of 1 in 800 ; and 32*16 + 2*8 
= 34*96 lbs. per ton on a gradient of 1 in 800. 

Hesisiance of tJie Blast Pipe. 

As the blast ifipe is a distinct and important part of a locomotive engine, we will 
no|^ endeavour to ascertain its practical value for engines of the class of the ' Q-reat 
Britain.’ ' 

The resistance of the blast pipe was deducted from all the experiments recorded in 
Table III. In addition, therefore, to the resistances already considered, the steam has 
to overcome that of the blast pipe. The indicator cards taken during these experi- 
ments, as given in Table VIII., supply valuable data of the relations between front and 
back pressure, also between the load, the velocity, and the pressure on the piston. 
From this record of 67 mdicator cards, it appears that the hack pressure follows the 
ratio of the mean pressure on the piston, regulated by its velocity ; and that whilst a 
heavy load increases the mean pressui*e on the piston, the per-centage of hack to front 
pressure remains nearly the same as with lighter loads at similar velocities. 

The pressure of the steam in the boiler will regulate that of the steam admitted to 
the cylinder until the communication is cut oif by the slide valve. The degree of 
expansion of the steam so cut off will then regulate the mean pressure on the piston 
so that it may he generated under a pressure of 90 lbs. in the boiler, and only aver- 
aging 20Ibs. in the cylinder. It is therefore the Tbs. of steam cut off in the cylinder 
which regulate the resistance of the blast pipe ; for if it be expanded during three- 
fourths of the stroke, a low hack pressure will result ; but if only expanded during 
one-fourth of the stroke, a higher back pressure will be prodaced, — ^so that the mean 
pressure on the piston indicates the degree of expansion in the cylinder. The general 
increase being nearly in the ratio of the square of the pressure, it has been so estimated 
in the law for calculating the resistance of the blast pipe. The velocity of the piston 
in feet per minute, the orifice of the blast pipe, and the capacity of the cylinder, are 
the remaining elements of that law. 

The formula (from which the theoretical columns of hack pressure in the Table 
have been calculated) embraces all these in the following manner ; 
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To tlie S(iiiare of tlie mean pressure in ibs. per square inch the yelocity of the 
piston in feet per minute, x hy the ratio of the capacity of the cylinder to the area 
of the orifice of the blast pipe, and by *00001, for the hack pressure in lbs. per square 
inch against the piston. If we call the pressure p, the yelooity Y, the ratio of the 
cylinder and blast pipe B, the formula would stand thus : 

+ V X B X *00001 = back pressure in lbs. per square inch. 

It is submitted as an empirical law only, limited at present to engines of the class 
of the ‘ Qreat Britain,’ until future experiments shall determine whether it is appli- 
cable to other classes of locomotives. Its application is simple, and will now be 
explained by an example. 

jEr. — Let a locomotive engine have cylinders 18 inches diameter, 2-feet stroke, 
blast pipe 5 inches diameter, driving wheels 8 feet diameter, velocity 50 *6 miles per 
hour, mean pressure on the piston 70 ’4 lbs. per square inch ; required the back pres- 
sure against the piston ? (See Table VXII.) 

Bor capacity of cylinder we have 18^ x '78.54 x 24 = 6107*25 __oqq 
Bor area of orifice of blast pipe we have 5‘^ X *7854 = 19*635 

for the ratio between the cylinder and blast pipe. 

For the velocity of the piston we have by Table VI. 210*1 (revolutions for an 8-feet 
wheel per mile) X 4 =840 *4 feet travelled by the piston per mile ; hence 840 *4 -f-60 
= 14*0 as the ratio nearly between the miles per hour of the driving wheel and the 
feet per minute of the piston, and which has been adopted in calculating the resist- 
ances in Table VIII. 

Therefore, (79*42 -f 56*6) x 14 x 311 x *00001 « 22*068 lbs. per square inch for 
the back pressure. 

By refeiTxng to the Table it will be seen that the experimental result was 22*5, so 
that the formula gives a near approximation to the practical value of the hack p^s- 
sure for engines of the class of the ‘ Great Britain.’ It also gives results varying with 
every varying ratio of cylinder to blast pipe. Applied to some experiments made by 
Mr. J. Parkes,*it gives results nearly the same as he arrived at by removing the 
blast pipe. From these experiments Mr. Parkes concluded — *^That the counter- 
resistance from the blast augments and diminislies with the pressure on the piston, 
and that it is independent of the velocity of the piston j for in all these observations it 
only rose with the velocity when the pressure was increased.” 

The more extensive series of observations taken by Mr. B. Gooch confirm the first 
part of this conclusion, but show that it is modified by the velocity of the piston. As 
the Comte Be Pambour does not give the pressure in the boiler or on the piston, 
during the experiments he made (regarding back pressure as due to velocity only), we 
cannot compare his experiments with the formula now submitted. 

Mr. B. Gooch states that *rin the ‘Ixiori engine, the blast pipe of which was ^^th 
of the area of the cylinder, with the driving wheel 7 feet in diameter, and the steam 
cut off at 13| inches of the stroke, the loss from the back pressure at different velo- 
cities was 2*1 per cent, at 7 miles an hour ; 11*6 per cent, at 20 miles j 15*8 per cent, 
at 40 miles ; and 21 per cent, at 60 miles ; and the indicator cards accompanying the 
Exfperiments on the Eesistanee of Trains also shew nearly similar results.” 

These cards, it has been seen, shew that the back pressure increases generally in 
th^ ratio of the pressure regulated by the velocity, and that the larger the orifice of 
the blast pipe is to the capacity of the cylinder, the less hack pressure there will be at 
alt v^ocities. 


* The tatio otltfioe of the blast pipo to the cylinder was in that case. 
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TABLES OE RESISTANCES TO RAILWAY TRAINS. 

TABLE I, 

Talle of the Time occupied in mnning J, %, md 1 mile; aim the Diffemicc of 
Time in the Mates of Yelocity mikf and the Speed in feet per minute of the 
Bngme or Tram f from 1 to miles an hoiir^^ 


SPEED 

time OF BUNNINa. 

g a-s 

o 03 a 

SPEED 
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OF RUNNING. 


Oj 

rt fl) 

S grS 

ew ' 

® ©,a 

per 

liour. 

imile. 

l-mile. |milo. 

1 mile. 

u 

P O ft 

ft o 03 

cqH ft 
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liour. 

^ mile. J mile. ] 

1 

nailo. 

1 mile. 

P Oft 

ft ta 3 
MS ft 
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" 

// 

// 

/ // 

ff 

Feet. 

Miles. 

f 

tf t 

n 

r 

// 

r 

// 

/ /r 

Feet. 

90 

10 

20 

30 

40 


7920 

46 


20 

40 

t 

0-0 

1 

20 

T74 

3960 

' S9 ' '■ 

lO-ll 

20*22 

30*33 

40*45 

'45 

7832 

44 


20-45 

40*90 

1 

1-35 

t 

21*81 

I'Sl 

3872 

, 88 

10*22 

20*46 

30*66 

40*9 

*45 

7744 

43 


20-93 

41*86 

1 

2-79 

1 

23-7-2 

1-91 

3784 

8T 

10-34 

20-68 

31*02 

41*37 

•47 

7656 

42 


21-42 

42*86 

1 

4-28 

1 

26-71 

1-99 

3696 

86 

10-46 

20*93 

31*38 

41-86 

-49 

7668 

41 


21*96 

48-90 

1 

5*86 

1 

27-8 

2-09 

3608 

85 

10*59 

21-17 

31*76 

42*35 

•49 

7480 

40 


22-6 

46 

t 

7-5 

1 

30 

2-20 

3520 

84' 

10*71 

21-42 

82*13 

42*85 

•50 

7392 

39 


23-07 

46*15 

1 

9*22 

1 

82-80 

2-30 

3432 

83 

10*84 

21*68 

32*62 

43*37 

•52 

7304 

38 


23-68 

47*36 

1 

11-05 

1 

34*73 

2.43 

3344 

' ■ 82 

10*97 

21-96 

32*92 

43*90 

•53 

7216 

37 


24*32 

48-64 

1 

12-97 

1 

37-29 

2-66 

3256 

81 

11*11 

22*22 

33-33 

44*44 

■54 

7128 

36 


25 

50 

1 

15 

1 

40 

2*71 

3168 

80 

11*25 

22-5 

33*75 

45 

•66 

7040 

36 


26-71 

61*42 

1 

17-18 

1 

42*85 

2*85 

3080 

T9 

11*4 

22-7 

34-17 

45*67 

•57 

6952 

34 


26-47 

62-94 

1 

19-41 

1 

45*88 

3-03 

2992 

78 

11-63 

23*07 

34 71 

46*15 

•68 

6864 

33 


27-27 

54-54 

1 

2T81 

1 

49*09 

3*21 

2904 

77 
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23*37 

36-06 

46-75 

•60 

6776 
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66*25 

1 

24-37 

1 

52*5 

3-41 

2816 

76 
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23-88 

35*52 

47*36 

•61 

ms 

31 


29-03 

58-06 

1 

27*09 

1 

66*12 

3-62 

2728 

73 

12 

24 

36 

48 

•63 

6600 

30 


30 1 

0-00 

1 

30 

2 

0 

3*88 

2640 

74 

12*16 

24*32 

36*48 

48*65 

•65 

6512 

29 


31-03 1 

2-06 

1 

33-09 

2 

4*13 

4-13 

2452 

73 

12-82 

24*65 

86-98 

49*31 
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6424 
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32-14 1 
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1 

36*42 

2 

8-57 

4-44 

2364 

72 

12*6 

25 

37-5 

60 

•68 

6336 
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6-66 

1 

39*9£ 

2 

13-33 

4-76 

2376 

71 

12*67 

25-35 

38*01 
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•70 
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34-61 1 

9-23 

1 

43*83 

2 

18-66 

5*13 
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70 
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25*71 

88*55 

51-42 
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25 
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12 

1 

48 

2 

24 
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69 
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16 

1 
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2 

30 
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68 
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65 
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* For miles and fractions of a mile, multiply tlie speed given by 88 for tbe speed in feet per minute. 

EXPLANATIOIT. 

Having tlie velocity given for J, I, or J of a mile,— required the rate of speed 
perliour ? , ... • ■ ■ . ■ 

Find the particular velocity of the one nearest to it tinder the proper column, and 
opposite to it, in the column ^ per hour,’ is the rate required. 

Ex , — If the time in miming J of a mile is 16 seconds,— required the rate per 
hour? . 

Ahs. —T inder the column mile’ the nearest number is lO’OT, and opposite to 
that number, in the ^ per hour ’ column is 56 miles> the rate of speed required. 
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. ■ fABLE ir, .. 

Table to facilitaie the Calculation of the Resistances to Passenger Trams on a calm 
day, on a level linef practically straight, the Rails and OaTnages being in good 
woricmg order, and generally in the absence of any disturbing cause calculated to 
affect materially the a7nount of resistance : calculated from Formula, 


Yelocity in miles 
per hour. 

Resistance from 
trlction. 

Resistance vary- 
iug as velocity. 

Sum of the two 
resistances. 

Resistance of the 
atmosphere per 
sguare foot of 
frontage of train. 

M 

1 

'.a 

tj 

!> 

Resistance from 
friction. 

Resistance vary- 
ing as velocity. 

Sum of the two 
resistances. 

Resistance of the 
atmosphere per 
square foot of 
frontage of train. 

10 


3*3 

9*3 

0*25 

44 : 

6 

14*6 

20*6 

4-84 

12 

6 

4‘ 

10* 

0-36 

45 

6 

15* 

21* 

. 5-06 

14 

6 

4*6 

10*6 

0-49 

46 

6 

15*3 

21*3 

5'29 

16 

6 

5*3 

11*3 

0*64 

47 

6 

15*6 

21*6 

8-52 

18 

6 

6* 

12* 

0*81 

48 

'6'' 

16* 

22* " 

5*76 

20 

6 

6*6 
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1* 
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16*3 

22‘3 

6' 

22 
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7*3 

13*3 

1*21 

50 

6 

16*6 
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6-25 

24 
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S‘ 

14* 

1*44 

51 
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17* 

23* 
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26 
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8*6 

14-6 

1*69 

52 

6 

17 -S 

23*3 

8-7S 

28 

6 

9*3 

15 *3 

1*96 

53 

6 

17-6 

23*6 

7 •02 

30 

6 

10' 

16' 

2*25 

54 

6 

18* 

24* 

7-29 

32 

6 

10*6 

16*6 

2*56 

55 

6 

18*3 

24*3 

7*56 

34 

6 

11*3 

17*3 

2*89 

56 

6 

18*6 

24*6 

7-84 

36 

6 

12* 

18* 

3*24 

57 

6 

19* 

25* 

8*1*2 

38 

6 

12*6 

18*6 

3*61 

58 

6 

19*3 

25*3 

8*41 

40 

6 

13*3 

19*3 

4* 

59 

6 

19*6 

25*6 

8*70 

41 

6 

13*6 

19*6 

4*22 

60 

6 

20* 

26* 

9* 

42 

6 

14' 

20* 

4*41 

61 

6 

20*3 

26*3 

9*30 

43 

6 

14*3 

20*3 

4*62 







The correction for gravity on any given inclination is of course easily 
applied to tlxe results of tlie formnla. In cases of accelerating and retarding velocities 
a correction will "be req,nisite, on account of part of tlie train being in rotatory 
motion. — (See Report of Mr. E. Wood, page 248 of ^Report of British Association, 
1841,) It is scarcely necessary to caution Engineers, that in applying th'e results of 
such a Table as the above for practical purposes, care must he taken that the circum- 
stances assumed, and necessarily so, in the formula suggested, coincide with the 
actual circumstances of tbo case to which it is sought to apply the formula.” 

Por miles not in this Table, take the mean resistances between the two nearest mile- 
ages for the resistance due to the even miles per hour. Thus for a train of 18 tons 

12*6 1 ' !l3 *3 

at 21 miles an hour, and frontage 60 feet, take for 20 miles for 22 miles ' 

= 12'05 ibs, at 21 miles x 18 tons = 233*1 lbs. for friction and concussion resist- 

.'"1 + 1 * 21 ' 

ance. For atmospheric resistance we have — ^ — = 1*105 x 60 ft. = 66*3 lbs. 
233*1 +66*3 

and — =16*63 Bs, per ton. 

For tenth parts of a mile, multiply the number of tenth parts of a mile by one- 
tenth the difference between the mean resistance found as above, and the next 
mileage, or by one- tenth of the difference between tbe nearest mileages when they 
are given consecutively.^ ^ ^ ^ 

^ Taking the velocity 2r*4 miles per hour and train 18 tons, as before, we have for the 
' , 13*3-12*05 

tfaSn- 22 miles Tq for 21 miles x 4 + 12 *95 = 13 *09 lbs. x 18 tons = 235 *02 lbs., 


and for fhe-atn 
235*62 + 68 %2 
18 


sl6'0 Bs. per ton. 


a ‘147 X 60 = 68*82 lbs. : 



TABiiB nr. 

Table of the Indicator and Dynamometer Resistances to Railway Trains on the Broad Gauge, abstracted from the experiments of Mr. D. Gooch, as puMtshed %n the 
Appendix to the Railway Commissioner^ Report to the House of Lords shewing the Rssistcmces, separately, of the Engine, Tram, and Worling Paxds of the 
Engine; also the separate resi^anees as codcvdatod by the Eormula. 
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TABLE IV. 


Table io facilitate the Calculation of Mesistances to JBroad-gauge Zocomotiiie Engines r 

of the class of the ^ Great Britain^ {mighing about 50 tons), and TrainSi ^52- lbs. ji 

g)er ton, and m lbs. per cidic foot of Bulk, on a calm day, on a level line in good f 

order, with Engine, Tender, and Carriages, also in good working order, from 5 to ij 

fl 5 miles per hour : calculated from Formida, page 5Zi, based on the Indicator 
md Bynamometer Traction of the Experiments made by Mr. B, Gooch, on the f‘ 

Bristol and Exeter Eailway. t 




Kesistance in lbs. per ton. 




Eesistance in lbs. per ton, 




6 . „ 

pi tiO 

Engine and 
Tender. 

ft 


Friction and 
Oscillation. 


Total resistance 
of the carriages 
per ton. 

Engin 

Ten 

e and 
ler. 

' 

S £3 
ftrQ 

i 

o 

o 

*3 

Friction an^ 
Oseillation. 

Atmosphere 
ton of ISO Gu 
feet of bulk. 

Total resists 
of the carria 
per toil. 

Per ton of 
their own 
weight. 

Per ton of 
the weight 
of the train. 

Atmosphere 
cubic foot of 
bulk. 

Velocity. 

Atmosphere 
ton of iso cu 
feet ofbuik. 

Per ton of 
their own 
weight. 

Per ton of 
the weight 
of the train. 

go 

^ O 

■ 

Be 

<t3 o 

Miles. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

Miles. 

t>s. 

lbs. 

ibs. 

ll)S. 

Ib ^. 

lbs. 

5 

6’33 

•090 

6*42 

7*5 

•001 

*0006 

41 

8-73 

6'05 

14*78 

26*6 

•0672 

•03362 

6 

6*4 

•129 

6*539 

8 * 

*0014 

*00072 

42 

8-8 

6*35 

15*16 

26 * 

•0705 

*03528 

7 

6*46 

•176 

6*636 

8'5 

•0019 

•00097 

43 

8*86 

6*65 

15-51 

26*5 

'0739 

•03699 

a 

6*63 

•230 

6*76 

9 * 

•0025 

•00128 

44 

8*93 

6*97 

15-89 

27 * 

*0774 

•03872 

9 

6*6 

•291 

6*891 

9*5 

•0032 

•00162 

45 

9 * 

7*29 

16-39 

27*5 

•osi 

*0406 

10 

6*66 

■36 

7*02 

10 * 

•004 

•002 

46 

9'06 

7-61 

16-67 

28 ' 

*0846 

•04232 

11 

6*73 

•435 

7*165 

10*5 

*0018 

•00242 

47 

9*13 

7*95 

17*08 

28*5 

' 08S3 

•04418 

12 

6*8 

•618 

7*318 

11 * 

•0067 

•00288 

48 

9*2 

8*29 

17*49 

29 * 

•0921 

■04608 

13 

6‘86 

•608 

7*468 

11*5 

•0067 

•00388 

49 

9*26 

8 * G4 

17*90 

29*5 

•098 

•04802 

14 

6-93 

•706 

7*635 

tr 

•0078 

■00392 

60 

9-33 

9 * 

18'33 

SO- 

•10 

•05 

15 

7 * 


7*81 

12*5 

•009 

*0045 

61 

9'4 

9*86 

18-76 

30-6 

•104 

•06202 

16 

7*06 

•921 

7*981 

13 * 

•0102 

•00612 

62 

9*46 

9-73 

19-19 

81 - 

•1081 

•05408 

17 

7*13 

1*04 

8*13 

13*5 

•0115 

•00578 

63 

9*63 

10*11 

19-64 

81*5 

•1123 

•05618 

18 

■\ 7-2 

1*166 

8*366 

14 * 

• 012,9 

•00648 

54 

9*6 

10-49 

20*09 

32 * 

•116 

•05832 

19 

7*26 

1-299 

8*569 

14*6 

■0144 

•00722 

56 

9-66 

10*89 

20*65 

82*5 

•121 

'0605 

20 

7*33 

1-44 

8*77 

15 * 

•016 

*008 

56 

9-73 

11*29 

21*02 

83 * 

•1254 

'06272 

21 

7*4 

1-587 

8*987 

15*5 

•0176 

• 00882 . 

67 

9*8 

11-69 

21*49 

33*5 

•1299 

•06498 

22 

7-46 

1*742 

9*202 

16 * 

•0193 

•00968 

58 

9'86 

12*11 

21*97 

34 * 

•1345 

• 0.6728 

23 

7*63 

1*904 

9*454 

16*5 

" *0211 

•01058 

59 

9*93 

12-53 

22*46 

34*5 

•1392 

*06962 

24 

7*6 

2*073 

9*673 

17 * 

*023 

•01162 

60 

10 * 

12*96 

22*96 

35 * 

•144 

• C72 

•■ 25 ' 

7*66 

2*25 

9*886 

17*5 

•025 

•01262 

61 

10'06 

13-89 

23-45 

35*5 

• 1488 , 

•07442 

26 

7*73 

2*43 

10*16 

18 * 

•025 

•01352 

62 

10*13 

13-83 

23*96 

36 * 

• 1.537 

•07688 

27 

7*8 

2*62 

10-42 

18*5 

•0291 

•01458 

63 

10*2 

14-29 

24-49 

36*5 

•1687 

'07938 

28 

7*86 

2*82 

10*68 

19 * 

■0313 

•01568 

64 

10*26 

14-74 

25-00 

37 - 

•1638 

•08192 

29 

7*93 

3*027 

10*957 

19*5 

•0336 

•01682 

65 

10*33 

16-21 

25*54 

37*5 

•169 

•0846 

80 

8 * 

3*24 

11-24 

20 * 

•036 

•018 

66 

10*4 

16-68 

26*08 

38 * 

•1742 

•08712 

81 

8*06 

3*459 

11*61 

20*5 

•0381 

•01922 

67 

10*46 

16-16 

26*62 

38-5 

■1795 

*08978 

82 

8*13 

3*68 

11*81 

21 * 

•0409 

*02048 

68 

10*53 

16-46 

27*01 

39 - 

•1849 

•09248 

83 

8*2 

3-92 

12*12 

21*5 

•0435 

*02178 

69 

iO'8 

17-14 

27*74 

39-6 

•1904 

•09622 

84 

8*26 

4*16 

12-42 

22 * 

•0462 

■02313 

70 

10*66 

17*64 

28*30 

40 * 

•196 

•098 

86 

8*33 

4*41 

12*74 

22-5 

‘049 

•0245 

71 

10*73 

18-14 

2S*87 

40*5 

•2016 

■10082 

36 

8*4 

4*66 

13*06 

23 * 

•0618 

'02592 

72 

10*8 

18-66 

29*46 

41 * 

•2073 

•10368 

37 

8*46 

4*92 

13*38 

23-5 

•0647 

'02738 

73 

10-86 

19*18 

80-04 

41-6 

•2131 

•10658 

38 

8*63 

5*19 

13*72 

24 * 

•0677 

'02888 

74 

10*93 

19*71 

30*64 

42 ' 

*219 

•10962 

89 

40 

8*G 

8*66 

5*47 

6*76 

14*07 

14*42 

24-0 

26 - 

•0608 

•064 

*03042 

'0320 

75 

IV 

20*26 

31*25 

42*5 

•225 

•1125 


Note.—Fov miles and tentL parts of a mile, tlie resistance is fonnd by mnltiplying 
tlie number of tenths by one-tenth the difference between the two nearest mileages^ 
and adding it to the resistance for the whole number. 

Thus for the train resistance for 61*3 miles pei* hour, take for 62 miles 23*96 — 
'51 

23*45 for 61 miles an hour = x *3 + 23*45 =«« 23*60 ihs. per ton j and in like 
manner for any other resistance. 
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T-ABLB V. 

Table of Gradients, and Resistance jper ton for each Gradient, 


TABLE TI. , 

Tdhle of the Nmnber of Revolutions of the R riving Wheels, or double Strolces of tli 
Piston, per minute, at the following given Speeds* 


Vertical Eise. 

Qra’^ity 
due to 

Vertical Eise. 

OraYity 
due to 

Vertical Rise. 

Gravity 
due to 

Eatio 

per mile- 

incline 
per ton. 

Ratio 

per mile. 

incline 
per ton. 

Ratio 

per mile. 

per ton. 

Qm in 

Feet 

lbs. 

One in 

Feet. 

lbs. 

Gne in 

Feet. 

lbs. 

100 

52-80 

22-40 

74 

71*38 

30*270 

47 

112-34 

47*660 

99 

53-33 

22*626 

73 

72-32 

30-685 

46 

115*04 

48*684 

98 

53-88 

22*858 

72 

73-33 

31*111 

45 ' 

117-83 

49-777 

97 

54-43 

23*092 

71 

74*36 

31-550 

44 

120*0 

50*908 

96 

55-00 

23-334 

70 

76 -43 

32*000 

43 

122*78 

62*092 

95 

55-60 

23-579 

69 

76-49 

32*464 

42 

125-71 

53-333 

94 

56-17 

23-830 

68 

77-64 

32*940 

41 

128*78 

54-634 

93 

56-77 

24-086 

67 

78-81 

83*432 

40 

132*00 

56-00 

92 

57-52 

24-342 

66 

80-0 

33-940 

39 

135*38 

57*436 

91 

58*02 

24-614 

65 

81-23 

34-460 

38 

138*95 

58-944 

90 

58-66 

24-888 

64 

82-50 

35*0 

37 

142*70 

60-540 

89 

59*33 

25-168 

63 

83*81 

35*555 

36 

146*66 

' 62-222 

88 

60-0 

25*454 

62 

85*16 

36*108 

35 

150-84 

04 -000 

87 

60-69 

25-746 

61 

86-55 

36*720 

34 

155*30 

65-880 

86 

61-39 

26*046 

60 

88*00 

37*333 

33 

160*0 

67*880 

85*16 

62*00 

26*303 

59 

89*49 

37-966 

32 

165*0 

70-0 

85 

62-12 

26-353 

58 

91*03 

38-620 

31 

170*32 

72*216 

84 

6-2-86 

26*666 

57 

92'63 

39*298 

30 

176*00 

74-666 

83 

63-61 

26-988 

56 

94-28 

40*0 

29 

182*06 

77*240 

82 

64*39 

27-317 

55 

96-00 

40*726 

28 

188*56 

80*00 

81 

65-20 

27*718 

54 

97-77 

41*480 

27 ' ■ 

195*55 

82*960 

80 

66-0 

28*00 

53 

99-62 

42*264 

26 

203*06 

86*152 

79 

€6-83 

28-355 

52 

.101*53 

43*076 

25 

211*20 

89-60 

78 

67*69 

28*718 

51 

103*52 

43*920 

24 

220*0 

93-336 

77 

68-57 

29-090 

50 

105*60 

44-800 

23 

229*56 

97*368 

76 

69-47 

29*472 

49 

107*75 

45-716 ! 

22 

240*0 

101 *816 

1 " 

70*40 

29-867 

48 

110*00 

46-688 

21 

251*43 

106*666 


Eeyolutions of Wheels, or double Strokes of the Pieton, per Minute. 

a 

o 

.. 



DIAMETERS OE 

DRIYIKU 

Y'HEELS. 




■u 

zfy 

4 ft. 

4^ ft. 

6 ft. 


6 ft. 

6|ft. 

7 ft. 

ft. 

:8 ft..;' 

s 

No.' 

No, 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

210-18 

189-64 

168-18 

152.85 

140-04 

129-30 

120 

112-02 

105 

30 

245*21 

221-13 

196-21 

177-29 

163-33 

150*85 

140 

130*69 

122-5 

35 

280*24 

252-72 

224-24 

203-76 

186-72 

172-40 

160 

149*36 

140-0 

40 

315*27 

284-30 

252-27 

229-23 

210-06 

193-95 

180 

168*03 

157-6 

45 

350-80 

815-90 

280-30 

254*75 

233*40 

215-50 

200 

186-70 

175-0 

50 

885-33 

347-49 

308-33 

280*17 

256-74 

237-05 

220 I 

205-37 

, 192*5 

65 

‘ 420-36 

379-08 

336-36 

805*04 

280-5 

258-6 

240 

224-04 

210-1 

60 

466-39 

416-67 

864-39 

331-11 

303*42 

280*15 

260 

242-71 1 

227*5 

65 

490-43 

442-19 

392-42 

356-58 

326*76 

301*70 

280 

261-38 

245 

70 

635-46 

478-86 

420*50 

372-06 

350-10 

323-25 

300 

280*05 

262*5 

75 

660-4S- 

606'50 

448-48 

407-60 

373-44 

344-80 

320 

298-72 

•280 

80 



TABLE m 

Table of the Residfs of various ExperimeniSf shewing the resistance to Trains of 
different Weights and different Yeloeiites, in all cases where such velocities have 
been uniformly mamtained in calm weather ^ on Lines of uniform inclinationj and 
free from sharp curves ; the rbad and carriages bemg in good worTcing order. The 
resistances are measured either ly the effect of gravity on inclined planes, or by 
the difference of pressure on the travelling piston of the Atmospheric Railway 
apparatus, except in two cases marTced with a f, in which the resistance is indicated 
approximately by the effect theoretically due to steam generated and made use of 
under hnoxmi conditions in a Locomotive Engine, 


E. T. signifies that tliese experiments were inafie with an engine and tender in front. 
All the others were made with carriages only, 

* Space between carriages made up with stretched canvas. B. Experiments on broad gauge. 


STEAM ENGIEBj LOCOMOTIVE. 


Ho. of 
carriages 

Uniform yeloeity 
maintained in 
miles per hour. 

Weight. 

Eesistance in 
lbs. per ton. 

Eesistance in 

His. per ton, as 
Formula. 

Wind. 

No.of ^ 
carriage,?. 

Uniform velocity 
maintained in 
mile.s per hour. j 

Weight. 

Eesistance in 
ibs. per ton. 

Eesistance in 
ibs. per ton, as 
Formula. 

Wind. 

No. 

Miles. 

Tons. 

lbs, lbs. 


No. 

Miles. 

Tons. 

lbs. lbs. 


2 

14 

9 ' 

12*6 13*9 

Favble. 

0 

34 

30*4 

25-0 23*1 

Nearly calm. 

2 ' 

14 

9 * 

12-6 1 13-9 


4 

34 

18-05 

23-4 27-2 

Favourable. 

4 

16 

20-5 

8-5 : 13'2 


6 

35 

21*5 

22-5 26*1 

Calm. 

8 

19 

40*75 

8-5 1 12-9 

if 

E . T.&9 

36 

64 * 

22-5 22*4 

if 

8 

20 

40*75 

8-5 ! 14*1 

a 

4 

37 

20-4 

25-0 28-4 

Favourable. 

4 

21 

IS- 

12-6 16*7 

it 

3 

39 

24-0 

30-0 31*0 

,, B. 

4 

21 

IS- 

12-6 ! 16*7 

a 

E . T.&13 

45 

111 * 

30-3 24-9 

Nearly calm, f 

4 

23 

20*5 

12-6 ! 17'5 

)} 

E . T.&3 

46 

54 * 

30 - 27-5 

Light, fav. B. 

8 

25 

40*75 

12*6 I 16*6 

a 

3 

47 

31*75 

33-7 83-1 

Light, against. 

8 

26 

40*75 

12-6 1 17 - 1 * 

f) 

6 

50 

30 * 

32-9 35-3 

Calm. 

8 

27 

40*75 

12*6 1 17-7 

>> 

5 

53 

25 * 

41-7 42*1 

? J 

■■ " 4 ' , ■' 

31 

15*6 1 

23-4 ‘ 25*4 ! 

a 

Calm. 

5 

55 

26 * 

36 * 43*5 

Light, against. 

4 

32 

14-5 1 

22*5 27-2 ; 

E . T.&6 

55 

93 * 

41-8 31*6 

Calm, t B; 

E . T.&6 

33 

■ 44 *" ■ 

22-5 j , 22-7 .! 

a 

4 

61 

21-5 

52-6 54-8 
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STBABi ENGINE^ LOCOMOTIVE. 
TABLE VIII. 


iPB:i 



Table sJhewmg the ReBistance caused hj the Blast Pipe in it>g. and per cent, of the 
Total Pressure on the Piston at rarious Pressures and Veloeitiesj as tahen from 
the cylinder of the * Great Britain^ {hroad-gauge) hcomotire engim^ hj Indicator^ 
during the Pxpenments made by Mr, D. Gooch for the Railway Oommissioners, 
{See Table III,) Also the Bach Pressimf calculated by the Formula + V x B 
X *00001, page 526. Privhig wheels ^ feet diameter, cylmder l^ inches diameter 
and 24 inches stroke. Orifice of blast pipe 5 mches diameter. Steam ports 
lZx%s^%6 inches. Bead of slide mlves ^ inch fall, fitted up with expansion 
gear, JSxhaust port 13 x 3 | = 45 1 inches. 


Experiments with Engine and Tender 50 Tons, 
Train 100 Tons = 150 Tons. 

Experiments with Engine and Tender 50 Tons, 
Train 50 Tons = 100 Tons. 


From Indicator Cards. 

By Foi’mala.| 


Fro in Indicator Cards. 

By Fonnula. 

,© 

p. 

■ L* 

oC 

Mean pressure 
on steam side of 
the piston. 

Mean pressure 
on blast-pipe side 
of the piston. 

Eatio per cent, 
of back pressure 
to total pressure 
on the piston. 

Back pressure by 
formula. 

Velocity per 
hour. 

Mean pressure 
on steam side of 
the piston. 

Mean pressure 
on blast-pipe side 
of the piston. 

Eatio per cent, 
of back pressure 
to total pressure 
on the piston. 

Back pressure by 
formula. 

M iles. 

lbs. 

lbs. 

Per cent. 


Miles. 

lbs. 

lbs. 

Per cent. 

lbs. 

13-1 

19*1 

2*27 

11*88 


19*8 

19*31 

1*31 

6*78 

2*02 

19*4 

25*7 

1*9 

7*39 

2*89 


18*86 

1*62, ■, 

8*06 

1-96 


24*95 

2*38 

9*53 

*2*78 


18*62 

' 1*86 

9*98 

1-92 


23*91 

2*45 

10*24 

2*62 

21*8 

30*2 

3*79 

12*56 

,■ 3*7.8 


22*87 

2*06 

9* 

2*46 


26*75' 

3*75 

14*02 

3*17 

19*8 

19*75 

1*91 

9*67 

2*07 


22*87 

3*91 

17*09 

2*57 


25*39 

2*06 

8*11 

2*88 


20*5 

3*95 

19*27 

2*26 


24*27 

1*64 

6*34 

2*69 

24*7 

19*37 

1*68 

8‘15 

2*24 


24*33 

2*29 

9*41 

2*70 


18* 

1*5 

8*33 

2*08 

19*8 

24*58 

4*33 

17*63 

2*74 


19*7 

1*5 

7*61 

:''.2'27' 


24*33 

4*5 

18*5 

2*70 


19*06 

1*65 

8*13 

2*20 

20*2 

11*7 

2*29* 

19*57 

1*30 

40*1 

44*91 

6*68 

14*63 

8*02 


25*29 

1*79 

7*07 

2*88 


47*08 

7*79 

16*64 

8*61 


24* 

1*95 

8*12 

2*67 


46*87 

7*62 

16-25 

8*57 

21*1 

23*95 

2*05 

8*66 

2*70 

42*3 

30*79 

6*95 

22*67. 

4*79 


23*85 

2*39 

10* 

2*68 

43*9 

30*27 

4*63 

15*3 

4*76 


21*43 

2*0 

9*33 

2*34 


31-88 

5*05 

16*86 

6*06 


20*83 

2*18 

10*22 

2*26 


29*62 

4*33 

14*61 

4*64 

441 

67*72. ■ 

10*3 

17-84 

12*28 

44’ 

34*18 

6*61 

16-41 

5*55 


58* 

10*87 

18*74 

12*38 


27-41 

5*37 

19*59 

4*52 


69* 

10*72 

18*17 

12*74 


28*26 

5*14 

18*19 

4*39 


60*2 

19*82 

lt*97; 

13*18 

61*2 

43*19 

9-71 

22*48 

8-03 

45*3 

55*16 

15*20 

27*69 

11*43 

58* 

49*6 

ll*o6 

23-3 

10*17 


47*66 

24*37* 

61*18 

9*03 


62*22 

12*29 

23*53 

11* 

45*6 

58*85* 

11*37 

19*32 

1*2*76 

59*2 

58*85 

18*37 

31*21 

13*84 


57*27 

11*87 

20*72 

12*18 


59*41 

14*74 

24*81 

13*53 


34*77 

5*87* 

16*88 

5*74 


63*14 

17*18 

27*2 

14*97 

56-6 ‘ 

79*4 

22*5 

28*33 

22*08 


66*20 

18*7 

28*25 

16*2 


80*6 

21*9 

27*17 

22*66 


65*08 

18*95 

29*11 

15*75 


81*1 

21*6 

26*63 

22*92 

j 62*4 

40*62 

11*45 

28*18 

7*84 


77*62 

23* 

29*67 

21*15 


37*68 

8*87 

23*54 

7*82 

57-4 

60*87 

14*81 

24*83 

14*02 

! 

88*62 

8*52 

22*06 

7*35 


57*93 

14*46 

24*94 

12*93 







58*09 

12*47 

21*47 

13* 






1 

54*95 

14*54 

26*46 

11*89 







* Priming or.slipping when card was taken. 


Note . — A more condensed Table of tbe mean resistances for each velocity would 
bave given fair averages with fewer variations than by giving them all separately. 
A% however, they were taken under all the changing circumstances from calm to 
stottoy weather— from velocities of 13 to 62 miles an hour — slipping — when priming 
was obsety#^ and probably also when it was with other contingencies not observed, 
they foTih % t^To^ble record of the practical variations taking place in a locomotive 
cylinder. It will be observed that, as a whole, they follow nearly the gonenil law 
of the formula* 
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SEOTIOH III.—QTrAimOATIOKS OF WaiSfl DBITEES AKD mE-MEN.* 

Tickets , — Eack eEgme-man, "before going out mtk his trains mnst procure from his 
foreman’s office a train and colce and mileage ticket, to he filled up by Mm in the 
' following manner ; First, the exact time at which, the train is started ; second, tlie 

number and description of the carriages in the train ; and upon arriving at the end of 
f his trip, he must enter the time of his arrival, with any I'emarks he may have to make 

upon his trip, such as being assisted by another engine, how far assisted, and, if late, 
the cause of the delay. 

On the coke and mileage ticket he must enter the number of trips he runs, the 
names of the stations between which they are run, and the number of miles ; also the 
time Ms engine stands as a pilot. On this ticket must also be entered the weight of 
coke he receives during the day, attested by the signature of the coke-man where it is 
received j the engine-man, in turn, signing the coke-man’s book for the quantity he 
received. Great attention should be given thafc these tickets are properly filled up, as 
they exhibit very accurately the performances of the engines, when carefully made 
up by each engine-man. hFeglect of proper entries should be punished by a small fine. 

Time till . — Every engine-man must take his time-table with him, and regulate by 
it the speed of ins engine as he proceeds ,* the great object being to keep the train 
going at the speed required, from which he should vary as little as possible, in order 
that he may arrive at all the stations as punctually to the time as is practicable. 

when to he used . — The whistle is intended to he used as a signal of atten- 
I tioa or of danger, and it must be sounded on approaching stations, level crossings, 

and tunnels ; also, during a fog, snow-storm, or violent rain, it must be sounded every 
quarter of a mile, and likewise for warning any persons who may be on the line of the 
approaching engine and train. On lines where only one whistle is used, three short, 
sharp whistles, rapidly repeated, is the signal for danger ; on other lines, a better 
descriptioh of guard’s whistle is used, wdth a deep tone. When either of these signals 
is made, the guard must immediately apply his brakes, and do all he can to stop the 
'.train. . . 

Water and colce . — The engine-man must take his engine to the water-crane, have 
his tender filled with water, and receive as much coke as will carry him to the next 
watering and coking station. He must not pass one of these stations without renew- 
ing Ms supply of both coke and water, if he requires it. When steam is blowing off, 
the hot- water cock should be turned on to heat the water in the tender, and he must 
have a full boiler, and a good fire, before he goes to the train. 

i/awips. —Before dark, or in the evening before it is dusk, or in a fog, the engine- 
man must see that his lamps are lighted and properly fixed in their places ; and if he 
should have to go out without a train, then he must fix a red lamp behind the tender. 
Should he be on the line, through any unforeseen cause, “iVithout his lamps, he must 
procure some from the first principal station he comes tOi 

Qobig to train , — The engine-man having assured himself, by a careful examination, 
that his engine, lamps, tools, and spare stores are all in good order, and obtained Ms 
train, coke, mileage and time tickets, must cross over to the main line, in front of the 
train, five minutes before the time of starting, unless ordered otherwise by some supe-, 
rior officer. „ ■ ■ ' ■ 

Great caution must be used in placing the engine against tbe train, which should 
be done without moving a single carriage, in order to guard against injury to any 
passenger who may be in the act of stepping into a carriage at that moment. 

Guards^ orders . — Every engine-man wiE be under the orders of the first guard of 




* By John SowoU, O.E, 
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the traia in all matters affecting the starting, stopping, or the movements of the train. 
In cases of accident, he mast, if required, disconnect his engine, and proceed for 
assistance as he may he instructed by the first guard. He must also give both his 
advice and assistance to the guard in every way he can in all cases of accident, and 
generally obey promptly all orders or signals given to him, whether by station masters 
or the first guards, so far as the safe and proper working of his engine will admit. 

Engine While the engine is standing still, whether before starting, or at 

a station, or on the line, for however short a time, the slides must always be thrown 
out of gear, the steam shut off, and the tender brake screwed tight on, until the 
signal be given for starting. The engine-man must be very careful to start, and stop, 
steadily, without jerking the train, and not shut off the steam too suddenly (unless in 
cases of accident), so as to cause a concussion of the carriages, or waggons, to the 
risk of passengers, and, in cattle trains, to the injury of the animals. He must at no 
time leave his engine without seeing the above rules strictly complied with, and then 
not without placing the engine in charge of his fire-man. 

Persons on tender , — ^Except the proper engine-man and fire-man, no person is 
allow^ed on the engine or tender without the permission of the Directors or one of the 
superior officers of the Company, or, in case of need, during the journey, by direction 
of the first guard of the train. 

Starting Every engine-man, on receiving the signal from the first guard 

to start the train, must sound his whistle bbfoee ojuRNiKa on the steam ; then 
place himself by his hand gear, and very carefully and gradually open the regulator, 
to prevent jerking of the carriages, slipping, priming, or other injury to his engine. 
When the engine has got into speed, he must then regulate the travel of his slides, 
according to the load, and open the regulator to that point, determined by experience, 
where the generation and eonsumption of steam take place with greater effect and 
economy than when the regulator is full open. Hothing should induce the engine-man 
to use steam of a higher pressure than is allowed by the locomotive superintendent. 

Water in the eglmders . — The condensed steam in the cylinders must be allowed to 
escape by the steady and gradual opening of the regulator and likewise of the cylinder 
cock, as the sudden opening of the regulator is liable to break the piston or cylinder- 
cover joints, wffien there is water in the cylinders. 

Priming,— When priming takes place from the boiler, the steam must be partly 
shut off, and the fire door opened, which will generally stop it. But if it arises from 
the boiler being too Ml, the feeds must be shut off, to reduce the water to its proper 
level. When the boiler is not too full, the feeds must not be shut off, in order to save 
the tubes and fire-box, which would thus become exposecL from the rapid waste of 
water by the priming, if such waste was not kept up by the feeds. 

Slipping,— yihm an engine begins to slip, the steam must be nearly all shut off, 
and carefully regulated until slipping ceases. Engines should have two sand-boxes, 
which should then be opened, that equal bite may be given to both driving wheels 
from the sand dropping on the rails. When the slipping ceases, the slides of the sand- 
boxes must be shut off, and the regulator gradually opened to its proper place, A 
^ third sand-box is used for backing a train with. 

Feeding wafer.— The supply of water to the boiler must be carefully regulated so 
as to keep both feeds on at an uniform rate all the way, thereby keeping the boiler at 
-a proper and equal level, for the more rapid and regular generation of steam. When 
neaar the end of a trip, the feeds may be gradually increased as shall be required to 
fill ^he ^iler, before arriving at the station. The feeds should at no time be too 
suddea^y, a& doing so is very liable to break the clacks. 

must, as far as possible, be put on the fire at such places as do not 





111 ,.. ' i I ' .in...! i I 



* ■ "u 


STEAM ENOlNEy LOCOMOTIVE. 537 

require tlie Ml power of tlie engine. The steam must be partly shut off when coke 
is put on the fire, as, when the steam is Mi on, the strong draft carries the coke up 
against the tubes, and is liable to choke them up. When approaching the end of the 
trip, the small coke must be used, and the fire allowed to burn as low as will take 
the train on to the station safely. 

Attention to Signals . — Every engine-man must keep a good look-out j as he moves 
forward, for any signals, either from the police or from any other person, or for any 
indication of danger made to him, or which he may observe himself, —all which he is 
responsible for seeing and immediately attending to ; and he must obey any signal 
made hy a policeman, or gatekeeper, even if he should see reason to think such sig- 
nal unnecessary. The lives of the passengers are intrusted to his care, and it is fully 
expected that he shall not only attend to every signal given him, and to all his 
instructions, but also that he will, oh all occasions, be vigilant and cautious himself, 
not trusting entirely to signals for safety. (/S'ee article ‘Eailway,’) 

Hand-flags in windy weather are a very bad signal, painted hoards being much 
better, as they always shew their full size, whilst the wind not unfrequently makes 
the hand-flag appear a mere line. 

Waving a white light violently is also a signal of danger, when a red light is not to 
be had. Fog, night, and tunnel signals are made by lamps and detonators ; day sig- 
nals by policemen, hand-flags, painted hoards, and high-mast signals. As signals 
vary on different lines, each engine-man is supplied with a set of the Eules and Eegu- 
lations of the Company he is employed by, describing the particular signals nsed, and 
which must be strictly attended to on every occasion. 

Fire-men^ s duties, — Fire-men are to be entirely under tbe orders of the engine-men 
while on duty. If the engine-man is engaged with any part of the engine, the fire- 
man must keep on the look-out, and act for the engine-man, and they must never 
both leave the engine at the same time. The fire-man must at all times stand up and 
keep a good look-ont, when not otherwise engaged in attending to his other duties ; 
and he must, each mile, look hack along both sides of the train, to see that all is 
right, and that the guards are not signalling by hand or lamp to the engine-man. 
When the fire-man is so engaged that he cannot look hack, he must warn the engine- 
man, who will then do so himself. The fire-man must also be ready, at all times, at 
a signal from tbe engine-man, to go to the brake, and, -when approaching any station 
where the engine is to stop, or observing any obstruction on the line, or seeing any, 
signal intimating danger or caution, it is the duty of the fire-man, without waiting for 
orders, to go to the brake, and to warn the engine-man instantly. Should the engine- 
man he rendered incapable of doing his duty, whether by accident or otherwise, the 
fire-man is to take the management of the engine until another driver can he 
obtained, proceeding with caution, and reporting the circxunstanee to the first guard 
at the earliest opportunity. . 

Guards' signals. — Cuards should regularly signal to the engine-man that all is 
right; but if anything is wrong, they must give the caution or danger signal. The 
usual signal from the engine-man to the guards is by three short sharp whistles on 
some lines ; on others, by a deep-toned guard’s whistle,— an excellent plan, prevent- 
ing the liability of any mistake whatever, in the use of the wMstlos. On this signal 
being given, the guard must instantly signal that it is understood, to the fire-man, 
who must look back immediately the signal is given by the engine-iaan, to observe 
which signal the guard gives. This signal and answer must he made within the first 
half mile after starting with a goods train, and every two miles afterwards by the 
guards on the journey. With passenger trains, this signal must be made every mile 
on the journey pthe-whistle being used only in cases of need. 


4ff 
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Mngine’me%'$ EDgme-men must also signal one anotlier wlien on tlie road, 

by standing on tbe riglit-band side of tlie engine, so as to be next eacli other in pass- 
ing, and must always do so with the same signals as those nsed on the line, to indicate 
•whether the line they have passed is clear, or -whether there is a train ahead, or any 

other cause of danger existing. 

^0 5c ---No engine must pass along the wrong line of road, nor 
i be allowed to propel a train of carriages or waggons j but in all cases it must draw 

; the train after it on the right road, except in case of an engine being disabled on the 

I road, when the succeeding engine may propel the .train slowly as far as the first 

‘ shunt’ or siding, at which place the said propelling engine shall moYe past and tahe 
the lead. In case of the road becoming stopped, when it will be unaYoidably neces- 
sary for an engine to go back on the wrong line, the engme-man must send Ms fire- 
man, or some other competent person, back a distance of not less than half a mile 
before bis engine moves, to warn any engine coming in the opposite direction ; and 
the person so sent back must continue to preserve the distance of half a mile between 
Mm and the engine, until it gets into the right line again. — 

I Bktmicelietwem engines . engines travelling on the same line must be kept 

I at least two miles apart, unless expressly required to join on to the preceding train or 

,1 engine, which the engine-man shall approach with the utmost caution. Such a step 

I cau only be justifiable under a pressing necessity, 

I Two engines worJdng When two engines are working together, the 

\ second engine-man must watch for and take Ms signals from the leading engine-man ; 

■| , but should the second engine-man discover anything wrong with the train, he must 

'[ blow Ms whistle to warn the first engine-man, that the two engines may always check 

I and stop together. Engine-men with trains requiring assistance, must in all cases, 

with passenger trains, allow the assistant engine to go in front, and also with goods 
trains, •where practicable. 

Fart of train detached,— any part of a train is detached, while in motion, 
care must be taken not to stop the engine or train in before the detached part 
is stopped, no matter whether it has become detached intentionally or by accident, to 
prevent a dangerous collision with the carriages in front, should the latter stop first. 
Whenever an engine-man finds Ms engine disconnected from the train by accident or 
otherwise, he must keep his engine ahead, clear of the train altogether, and in no case 
pull up his engine until the train has been stopped by the ai d of the guards’ brakes, 
when he can move backwards, and couple on to the train in the usual way. 

It is the duty of the guard of any intentionally detached part of the train to apply 
the brake so as to stop at the proper place. 

Passing stations, — E'V'ery engine-man must be careful w^hen he passes a station, or 
when the road is under repair, to proceed slowly and cautiously ; and he must also 
do so whenever he sees a green signal. He must on no account pass a rcc2 
or any other which he understands to be a signal to stop, but bring his engine to a 
stand close to that signal. 

Stopping at the proper station, — No engine or train of any sort must stop at any 
but the appointed stations, except only when a signal is given ; or in case of accident 
to any part of the engine or train ; or when, in the judgment of the engine-man, it is 
necessary to prevent accident or collision. 

Caution in sapping trains. — Engine-men, in bringing up their trains, mnst pay 
particular attention to the state of the weather, the condition of the rails, the length 
of the train, and whether on a level, an ascending or descending incline, in determin- 
ing -when to shut off the steam, so as to reduce the speed in proper time, and enable 
them to have the train so completely under their command as to stop altogether, if 
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necessary, before reacMug tlie platform* Stations must not be entered so rapidly as 
to require a violent application of tbe brakes, and tbe use of tke carnage brakes must 
be avoided as muck as possible. 

Munning on main Zme.— No engine must ever be moved from any of tbe stations 
on to tbe main line, except ■when tbe engine-man is proceeding, at tbe proper time, 
to take Ms place in front of tbe train. Wben on tlie main line, be must never run 
beyond tbe limits fixed at each station, without a regular order, filled up and 
signed by tbe proper foreman ; and be must strictly follow tbe instructions con-^ 
tained in sucb order, both as regards tbe time of starting and tbe place and time of 
returning. 

Standing on main line, — No engine must be allowed to stand on tbe main line 
(except under very special circumstances) wben not attacbed to a train ; and no 
engine-man must leave bis engine or train, or any part tbereof, on tbe main line, 
unless there be a competent person in charge to make the necessary signals : neither 
must any engine cross tbe line of railway at a station without permission, or run 
tender foremost, without the orders of the locomotive superintendent, or from 
unavoidable necessity. 

EXTRA TRAINS. ' 

Signal for extra •—‘Whenever a red board, or flag, by day, or an extra red 
lamp by night, is carried on tbe last carriage or waggon of a train, it is an indication 
that a special or extra train is to follow, that tbe road and stations may be kept clear 
for it. 

On single line, — ^To avoid risk of collision on single lines, from tbe meeting of 
another engine, no extra engine, with or without a train, must be allowed to pass 
along tbe line without previous notice. 

LUGaACE TRAINS* 

Approaching stations. — Engine-men with luggage trains must approach all stop- 
ping places at a speed not exceeding 12 to 15 miles an hour when within a quarter of 
a mile of tbe stopping-place ; and, wben necessary, they must signal the guards or 
brakes-men before they apply tbe tender brakes. 

Uncovered waggons. — Engine-men must refuse to take up luggage waggons if they 
contain any goods of a nature to take fire from a spark falling amongst them, unless 
they are properly covered and tied down. 

Goods trains into sic^mys,— Engine-men of luggage trains must not pass any siding 
or crossing wben there is a passenger train coming in tbe same direction, due within 
fifteen minutes, but must remove from the main line to tbe siding ; and generally all 
luggage, coal, and ballast trains must give way to passenger trains by going into the 
nearest sidings, 

REPAIRING ROAE. 

Ballasting. — Wben any ballast train shall stop on the main line to load or unload 
ballast or other materials, tbe engine-man must send a ballast-man back, at least a 
mile, with a red signal flag, or board, by day, or a red lamp by night j and the man 
must stand there, on tbe look-out, until tbe ballast train has moved off ten minutes, 
and stop any coming engine or train, and inform them of the position of the ballast 
train. No ballasting permitted in foggy weather, unless by a special order, or under 
tbe most urgent circumstances. 

Caution for repairs,' — Wben repairs of the road are going forward, and persons 
employed on tbe permanent way have tbe use of tbe road, a signal of danger may bo 
given by those persons, either by red flag or a red lamp ; and on observing this 
signal the engine-man must immediately stop tbe train. 

Train of running alone, or with a train of empty carriages or 

. . N'n2 '. 
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waggons, mnst not exceed a speed of 25 miles an liour witliont special orders in eaoli 
case, or from urgent necessity, 

ACCIDENTS. 

BtGpxmges , — In case of any accident to the engine or train, causing a complete 
stoppage, the engine-man, after giving such directions to his hre-man to open the 
fire door, rake out the fire, or otherwise, as may he necessary for the safety of the 
engine, must immediately seek the first guard of the train, and communicate With 
Mm, and receive Ms directions; and in the absence of the first guard, the engine- 
man must himself ascertain whether the engine and train are clear of the opposite 
line, and of any train passing npon it, and, if they do not appear quite clear, 
remove the passengers from the carriages. He must also send hack a guard or his 
fire-man, or a special messenger, to the next policeman, to stop any trains coming 
up. If dusk or dark, he must see that the carriage lamps in front, and his engine 
lamp, all show red lights forward, and the tail lamps, as usual, shew a red 
light backwards- 

ECmid pump. — Whenever, through any accident, an engine has to stand with steam 
up, the hand pump must be worked, to keep up the water in the boiler, the fire door 
opened, the damper shut, and other means used to prevent, as far as practicable, the 
generation of steam. 

---Every engine-man should be supplied with detonating signals, 
which he is responsible to have always ready for use when on duty. When a stoppage 
occurs in foggy weather, or at night, one of these signals must be placed on the rails, 
every 200 yards, until the guard, fire-man, or messenger has gone back a mile at 
least; and at the end of that distance, two of them must be placed on the rails. 
When any such accident happens in a tunnel, the engine-man should, if required, 
occasionally hold down the steam valve, to prevent the noise, and allow orders to be 
given and heard more readily. If dark, and without a red lamp or detonating signals, 
the man sent back must make a signal by waving his light np and down violently. If 
by day, he must signal with the red fiag, or board, or hands, and must in all cases 
remain until relieved by a policeman, or the obstruction has been removed. 

.SoiSA Should the accident stop both lines of rails, then the same 

precautions must be taken to place the signals on the opposite line of rail to that 
which the train is on, but in a contrary direction, so that both lines of rails may be 

protected for at least a mile from the place of obstruction. 

iVfltm Should fire be discovered in the train, the steam must instantly be 

shut off, and the train brought to a stand. The signals of obstruction or stoppage 
must then be made to protect the train, and the burning waggon, or whatever it may 
be, detached with as little delay as possible. Every means must then be used by the 
guards and engine-man to put out the fire by water from the tender, or by other 
means, as the necessity of the case may require. No attempt must be made to reach 
the nearest water crane, if it is more than 800 yards from the place where the fire 
is discovered, as such a course is likely to increase the damage. 

Bunt tube. If a tube bursts badly, the steam and feeds must both he shut off, 
and the engine stopped as quickly as possible. A tube plug must then he driven into 
each end of it, and the boiler filled by the hand pump. As soon as water is seen in 
the glass, the fire can be got up again, and the hot fire-box will assist in doing so 
more quickly. As soon as the steam is up, the engine will be enabled to move on 
' In most cases it will not he necessary to stop the engine, as the fire-box end 
cm M pb^ged up when running, and the other end can he plugged at the first 
stopping; without delaying the train, 

Boad tfie road is obscured by steam (from a burst tube or any 




STEAM ENaiNE. LOCOMOTIVE 


otBer cause), no approacliing engine must pass tTirongli the steam or smohe -until the 
engine-man has ascertained that the road is clear. If any engine-man sees a train 
stopped or stopping from accident, or other cause, on the opposite line of railw'ay, he 
must immediately slacken his speed, so that he may pass such train slowly, and 
stop altogether, if necessary. He must then ascertain the cause of the stoppage, 
and report it to the next station. He must also, if necessary, stop all the trains 
hetween the spot and the next station, and caution the engine-men of the stoppage. 
He must also render every assistance in his power in all cases of necessity and of 
difficulty. 

Broken clacks. — Should a pump or feed-pipe give way, one pump is generally 
sufficient to keep up the boiler j hut should that one fail also, the engine must 
1)6 stopped, and the clacks examined. The engine-man will know by his pet-cocks 
whether it is a top, middle, or bottom clack that is faulty. If a bottom or middle 
clack, the nut must be unscrewed, the broken clack taken out, one of his spare 
clacks put in, and the nut screwed on, when he will he ready to start his engine 
again. If it is the top clack, it can only be repaired when the steam is up ; but 
unless the middle clack is also had, the pumps will still work to keep up the water 
in the boiler. 

Broken spring. — ^When a spring breaks, it will seldom be necessary to stop the 
engine until it reaches a station, when the side can he raised by moving the other 
wheels of the engine on to the two wedge-shaped bars, to be laid flat on the rails, 
which takes the weight off the wheel where the broken spring is, and allows it to be 
blocked up by one of the wooden wedges ; the engine can then be moved off the bars 
and proceed with the train. The same operation may be done by the screw-jack, but 
the first causes least labour. 

Broken macMnery.—--K m^vfs>j locomotive is made up of two complete engines 
working separately, but both attached to a double crank-axle ; therefore, whenever a 
cylinder-cover, piston, connecting rod, eccentric rod, quadrant, slides, or any other 
working part of the engines gives way on the road, which stops the working of one 
engine, the engine-man must immediately stop, and remove the broken parts or rods, 
so as to leave the other engine clear of all obstruction. He must then disconnect the 
slide of the broken engine, and adjust it so as to cover both the steam ports, where he 
must secure it by tying, if he has no other resource at hand. The best way of fixing 
the slide is by a set-bolt, fitted into the outside of the slide-rod guide, being screwed 
tight up against the slide-rod. A set-pin can also be used when a syphon cup is 
screwed on the guide, by taking off the syphon and introducing a screw of the same 
thread. When this is done, the engine will be able to proceed, working one cylinder 
only. Should the boiler have been pierced by any of the broken rods, the fire must 
be immediately drawn, to save the fire-box and tubes, aa^d a competent person seat 
for the requisite assistance to remove the engine and train. 

Working with one engine. — Whenever the engine-man has only one engine in 
working order, he will still be enabled to proceed with a light or ox'dinary train to the 
first pilot station, where the pilot engine will proceed with the train. Should the 
train be too heavy, he must consult the first guard whether to proceed with pai't of it, 
or not, for assistance, and be guided by his instructions. 

Broken slide, — When the slide or slide-rod breaks witbxn the steam chest, the 
engine must be stopped. If the slide is on the front side of the steam ports, and the 
exhaust port open, it should be pushed hack through the front slide-rod gland, so far 
as to cover the ports. When there is no front slide-rod, but a set-bolt in the steam- 
chest cover, by taking out the bolt, the slide can he moved through that hole also ; 
and if the slide is on the back, and the exhaust port open from the front of the slide^ 
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it slioTild 1>e pushed forward througli the slide-rod gland tmtil it covers bot!! ports. 
When impracticable to coyer aU the ports, from a bad regulator or other cause, or 
keep the slide over the ports, the connecting rod must be taken off, and the piston 
blocked, to prevent its moving by the pressure of the steam against it ; when the 
engine-man can proceed with one engine, as before. 

Mot connecting rod When the large end of the connecting rod becomes 

very hot, the bearing and the crank then adhere to each other at the surface, and at 
each turn of the crank it tears away the solid metal, to the great danger of breaking 
the straps, keys, or even the rod itself, and thus leading to most extensive damage to 
the slide-motion, piston, and cylinder, if not to the boiler also. When it cannot be 
cooled while running, by throwing water tipon it, and using oil and tallow to prevent 
adhesion of the metals, the engine must be stopped, the rod taken off, the slide fixed 
over the ports, and the engine-man can then proceed, according to circumstanees, 
with one cylinder, as before, until relieved by the first pilot engine. In most cases, 
the engine-man, by reducing his speed, and carefully cooling and oiling the hot 
bearing, win be enabled to proceed nntii he comes to a stopping station. If by this 
heating, or by any other means, an eccentric becomes loose, it must be shifted back to 
its place as marked on the axle, and screwed fast again. 

Mot When an axle-bearing becomes veiy hot, the train must be 

stopped, and the box cooled by water from the tender. The oil or grease-holes must 
then be cleared, and the box filled up with tallow and oil, which, by renewing at each 
stopping station, will usually carry the engine, tender, or carriage, safely to the end 
of the trip. However, should the means used to cool the bearing not succeed, the 
engine-man must stop at the first pilot station, and allow the pilot engine to take his 
■■■ train. ■ ■ ■ ■ 

In most cases, it will not even be necessary to stop the train until it reaches a 
station, when the bearing can be cooled, and tbe box filled as above. 

Brohen leading axle, — When a leading axle breaks, the engine must be stopped, 
the fire drawn, and assistance obtained to clear the road and forward the train. If 
the engine is off the rails, the first object is to clear the way for the train to proceed, 
the engine being got on afterwards. 

Qoing off the mils, — ^When both engine and tender are thrown off the rails, it Is a 
work of time to get them on again ; and the fire must be dropped, and water run off 
to lighten the engine and save the boiler. Assistance must then be obtained to clear 
the line, if obstructed, and to forward the train to its destination. After this has 
been done, the engine and tender must be separated, and got on to the rails sepa- 
rately, by radsing them, by means of screw-jacks, until a temporary railway can be 
laid from under the wheels on to the main line. By this means they may be 
gradually drawn or pushed on to the road again, according to the position they are 
placed in. ■ \ 

BroTcen crank, — ^When a crank-axle breaks very badly, the engine must be stopped, 
the connecting-rod taken off, and the slide fixed over the ports. If it is broken at 
the side of the bearing for the connecting rod, and the stay bearings are good, the 
engine-man will still be able to go on with the train, if a light one, or seek assistance, 
if it is a heavy one. If the crank is so broken that the other engine cannot work, 
then the fire must be drawn, and assistance obtained in the usual way. 

Broken trailing axle, — ^When a trailing or hind axle breaks, the engine must be 
and the springs and axle-boxes blocked up, so as to keep the wheels as 
upri^t a® possible. The ends of the axle must then be suspended at a proper height 
to the by a rope, when the engine can proceed with the train cautiously, 

t untiireHeferfl^a'pi^-OTginei' 
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Broken wheel or t{re.—-'Whm a wheel or tire Toreaka, the engine must he atopped, 
and assistance obtained to forward the train. If a driving-wheel tire, the wheel must 
he lifted np hj the screw-jack, and blocked up to the proper level, when the engine, 
will he able to move itself, if not the train, out of the way. If it is a leading wheel, 
or tire, of a four or sis- wheeled engine, it may probably be thrown off the rails, and, 
after the train has been forwarded, the engine must be got on to the rails again, as 
already described. 

Apprehension of danger. — In case of the stoppage of either line of rail, from any 
, cause, or apprehension of danger, whether in foggy weather or otherwise, the police- 
man bn duty must place a detonator on the line or lines of rails so obstructed, every 
200 yards from the point of danger, until they are protected for at least a mile. 

Caution to stoppage signals.^ln all these, or any other accident causing a stoppage, 
due care must be taken that the signals for a stoppage are immediately attended to, 
in order to prevent any following train coming into coHision with the one which ha 
stopped. 

■ rocs. ■■■ 

Caution at statiom, — ^During a fog, when an engine or train stops at a station, some 
person must be sent back half a mile, and place a detonating signal on the rail, to 
stop any engine or train coming up, until the other has started from the station. 
Eetonating signals must also be used in a similar manner whenever any engine or train 
is following too closely upon another engine or train, or in any case of emergency or of 
danger. 

Attention to detonators. — ^Whenever an engine passes over one of these signals, it 
explodes with a loud report, and the engine-man must then immediately stop the 
train. The guards of that train must likewise protect it, by sending back and placing 
these signals every 200 yards, as before, until they have extended a mile from the 
train. . . . . ' 

Memoml of detomtors.-^MUT the obstruction is removed, the policeman, guard, 
or fire-man must remove all the signals from the rails before proceeding. 

Distance between No engine or train must leave a station during a fog, 

less than ten minutes after any preceding engine or train j and the policeman on duty 
must give the engine-man the exact time when the train started, and where it is next 
to stop* 

Caution for sipjiuZs.— -Engine-men must always exercise great caution in foggy 
weather, and especiaily in approaching stations, from the difficulty of discerning the 
regular signals until close upon them ; and they must be prepared to bring their 
engines to a stand before reaching the signal, whenever it is required. 

DEsojENniNO iKoniw 

Attention to Irakes* — In descending inclined planes, engine-men, ffire-men, guards, 
and brakes-men, must take care that they have complete control over the speed of the 
trains, by having the brakes screwed up so far as to be able, by a single turn of the 
handle, to apply them forcibly to the wheels, when required to do so. The engine-man 
must not, however, place too much dependence upon the assistance he may get from 
the carriage-brakes, but keep the train perfectly under his own. control by shutting off 
the steam in time. 

Speed. —No engine or train should descend a steep incline at a greater speed than 
from 20 to 30 miles an hour, unless by special orders. With very heavy trains, the 
speed should not exceed 20 to 25 miles an hour j and no attempt should be made to 
make up lost time in going down an incline. 


The usual speeds down inclines from 1 in SO to 1 in 100, are from 20 to 00 miles 
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an Lour, according to circumstances. On inclines from 1 in 37 to 1 in 80, they vary 
from 10 to 20 miles an hour. At theWapping Tunnel, Liyerpool, the speed is only 
4 to 5 miles an hour. 

ASCENDINa IHCLINESr 

Dividing trains.— -Whm inclines are so severe as to rei^uire the train to he divided, 
and taken up at twice, it must he done in the following manner : The part of the 
train to he left must he pushed into the siding at the bottom of the incline, clear of 
the main line ; the first part must then he taken up the incline, and placed in the 
siding at the top. The engine or engines will then cross over to return on the proper, 
line for the second part of the train. W this is taken to the top of the incline, it 
must he left on the main line, clear of the siding, and the first part of the train taken 
out and coupled to it : hy this means the waggons will he again in their proper posi- 
tions in the train. 

Great care must he taken that the last portion of tlie train is not allowed to run 
down the incline after the engine is uncoupled from it. 

Overtaking divided trains . — In the evenfe of any waggons being left upon the main 
line, at the foot of any incline, and a succeeding engine coming up, such engine must 
not commence propelling or drawing the said waggons until the engine which left them 
shall have returned to take them away* 

Returnpng on right, road . — The assistant engine must invariably return down the 
propel' line, and must always stand at the proper place, ready with the tender well 
supplied with coke aud water, having the steam up, and the front of the engine 
towards the incline. 

Assisting passenger iraim.--—Yl)i%Yi a passenger train requires assistance up an 
incline, the train must he'^topped, and the assistant engine coupled on in front of the 
train engine, and both work together up the incline ; and when fairly clear of the 
incline, the assistant engine must be uncoupled from the train engine, and proceed 
ahead to the first crossing, where it will pass over to return on the right line to its 
station at the bottom of the incline. 

Assisting goods trains . — ^When a goods train requires assistance, it is usually given 
behind, as it takes a great part of the weight off the front waggon drag-chains ; and, 
in the event of any of the drag-chains giving way, prevents these waggons from 
descending the line, which they would do, without any check or control, if the engine 
were ahead. ■; 

Great care must he taken hy the assistant engine-man behind, to prevent any over- 
pushing of his engme, in case any waggon break down between him and the other 
engine. It is best when all assistance can he given ahead of the train. 

Caution to ^ilot^man . — In moving out of the siding to assist a goods train up an 
incline, the pilot engine-man must take great care that the train has passed, before he 
comes near the main line, so as not to strike the train sideways before it passes clear 
of the pilot engine. As soon as it has passed, he must move out, and approach the 
end of the train with great caution, so as not to x'uu against it with any force, and 
must give instant attention to any signal from the leading engine-man. 

Responsibility of engine-man . — Ho engine-man should attempt to ascend, without 
assistance, any incline with a greater load than his engine is quite capable of taking 
up with certainty ; and, as this varies very much with the state of the weather, the 
.gr^ients, and the rails, the engine-man must decide for himself, in each case, whether 
as^tance, or not, and act accordingly. 

4; . , 

^ EXTRA imiM. 


trains arrive at very steep inclines, either in or out of tunnels, 
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STiclx as tliose on tlie London and Nortli-Western Railway, wliere stationary power is 
used to drag them up the incline, or sxich as the Lichey incline, on the Birmingham 
and Bristol Railway, they are placed nnder the charge of special hrahes-men, who have 
instructions in each case, which they must strictly attend to, both as to the speed, and 
number of carriages or waggons, according to the nature of the traffic to he taken up 
or down these inclines. 

General Tegvilalion, — As a general rule, no train is allowed to go up or down with- 
out one of these brakes -men, whose duty it is to examine all the brakes, and satisfy 
himself that they are in proper order, with sufficient men to work them, before he 
starts a train either to go up or down one of these inclines. The speed is usually 
limited from 4 to 10 miles an hour, according to circumstances, and the brakes-men 
must at all times, -whether going up or down, be sure that they have the train under 
perfect control with the brakes, in the event of anything giving way* 

.FUNNELS. 

Approached cautiously. — *AI1 tunnels must be approached cautiously ; so that if a 
signal is made to stop, the train may be stopped before entering the tunnel. Every 
engine-man must use his wMstle before entering and while passing through a tunnel, 
to give proper notice to the policeman at the entrance, and to any man who may be 
employed in the tunnel. 

Stoppage in tunnels. — ^When an engine or train breaks down in a tunnel, the torches 
must be lighted to ascertain the nature and extent of the accident, which must then 
he remedied according to instructions in preceding rules. Great care must be taken 
to protect the line both ways, to prevent collision and injury to the men at work, 
until the line is cleared and the train forwarded. 

JXTNOTIONS. 

In approaching Junctions, every engine-man must blow the whistle at 
least a mile from the junction, and continue to do so until the policeman in charge 
of the junction points gives the proper signal that the main line is clear, when the 
engine-man can proceed on to it with the engine or train, at a speed not exceeding 
from 5 to 8 miles an hour. If, however, the signal he given that the main line is 
ohstrncted, then the engine-man must immediately stop the engine or train until the 
obstruction be removed, and the ‘all-right’ signal be shewn, when he can proceed 
slowly on the main line, as before. 

Approached cautiously. — Every engine or train must approach the junction of two 
lines with great caution, and at a very slow speed, so as to stop altogether before 
reaching the junction, if necessary. In foggy weather, the engine-man must bring 
the engine or train to a stand before arriving at the junction, and not go on to the 
main line until he has learned from the policeman on duty how long the preceding 
train has passed, and he must stop or proceed, according to the information he 
■''receives* . ' ■ , ' ' 

. . . 'REPOMS." 

State of engine^ -The engme-mau must examine Hs engine at the end of Ms 
trip, in the same manner as he did before starting, and report to the foreman on 
duty, or his clerk, anything he may observe or know to be wrong, and enter the 
particulars in the report-hook kept for that purpose. He must also report every 
unusual circumstance which may have taken place on the journey, in the same 
manner. ■ ■ , , ■ ■;”■' ■ ' ' ■ . ■ ■ 

Spare stores 9‘epkcec?,— Every engine-man must have replaced, before starting with 
his train, any spare stores he may have used, and he must have any broken tools 
made good again. He must also see that his lamps are taken to the appointed place 
to be cleaned and trimmed again. 
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DUTIES IIT SHED. 

Megulation of weight. — TKe weiglit of every engine slionld be properly distributed 
on the wheels and springs. No engine can run steadily with one, two, or three tons 
more weight upon one spring than upon the opposite one. A sk-lever weighing 
machine should be on all extensive railways for this purpose, by which the weight on 
each wheel can be regulated with great nicety. For passenger-train engmes, there 
should be nearly as much weight on the leading as on the driving wheels. Eight- 
wheeled engines have more weight on the two leading than on the driving wheels. 
All the weight re<iuired on the driving wheels is as much as to produce sufficient 
adhesion, in ordinary cases, to draw the train, as there are times when all the weight 
would not prevent slipping. For all ordinary trains, the engine will run the whole 
distance in less time and more steadily with lightly-loaded driving wheels ; for any 
time lost in starting is more than made up afterwards by the ease given to the 
machinery. Four- and six-wheeled coupled engines have generally all the weight 
brought into action for power, and not for speed; and it is therefore more equally 
distributed over the wheels. 

to he fned-— Every engine-man, when in the shed, should try his 
hand-pump, to insure himself that it is in good order, as, being seldom required, they 
are liable to become * furred up ^ with the deposit from the water, and in that case of 
no service in any emergency. 

Gleaning holler. boiler should be regularly blown out, over the pit provided 
for that purpose, at such times as the state of the water requires, which the engine- 
man can readily determine from experience. The boiler must also be washed out 
with cold water, at least once a week, to remove aE loose deposit from it, Muriate 
of ammonia is used for preventing the adhesion of deposit to the boiler, which it 
effects by keeping the lime in solution, and which is blown out two or three times a 
week, according to the purity of the water used for the generation of the steam, 
Adfustment of mac/iiwcry.-— Every engine-man, when in the shed, must carefully 
examine his engine; and, when necessary, adjust the piston, slides, connecting-rod 
bearings, axle bearings, springs, or any other part requiring adjustment, and see that 
the eccentric sheaves are all fast in their right places. 

Trimming stuffing-hoxes and sgphons.—B.Q must also pack his stuffing-boxes, 
examine Ms clacks and feed-pipes, clean and trim Ms syphons, so that he may have 
his engine In good working order when required to go on duty again. 

^ PILOmG, ; 

Tools,— THoi engine-men must at all times, during the hours appointed for them to 
pilot, stand ready to start at once, with their steam up, their tender full of coke and 
water, and be provided with the following tools ; namely, two pinch-bars, two screw- 
jacks, a large drag-chain, a rope, two signal lamps, two hand-lamps and detonators. 
One of the signal lamps to be put on the front of the engine, and the other behind 
the tender, and the hand-lamps to be used as signals, or as may be required. 

Orders . — ^When it is necessary to send the pilot engine to look for a train, a regular 
order must be made out for it; and if at or near to night, both lamps must be iighted, 
and a red light shewn beMnd and a green one in front. When the pilot eugme-hian 
meets with the train, if it be at a stand, he must ascertain the cause, shew red lights 
both ways, and run on to the next crossing ahead. He must then cross, returning to 
assistance he can, whether the engine he broken down, or any part of the 
tmA the line, or to push the train slowly before him until he can put it into a 
riding Ip front of it, which he must do on the first opportunity. 

Gantion # line * — ^No pilot-man in search of a train, past-due, must cross 
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on to tlie maia line natil tlie danger signals are toned on, and tEen only wEen Ee 
Eas ascertained from tEe policeman on duty that Ee can" do so witE safety, to pretent 
collision in case of the train coming up at tEe moment of crossing. 

Orders countersigned.-^Whm any pilot engine is sent out, on its arrival at tEe 
next pilot-station tEe engine-man must sEew Eis order to tEe foreman on duty at sucE 
station, and eitEer obtain a fresE order, or have tEe old one countersigned Ey tEe 
foreman, before Ee proceeds furtEer. 

engine-man proceeding along tEe line -witE an order must be careful 
to proceed at tEe same average rate of speed as the passenger trains, and on no 
account to run Eis engine at a EigEer speed at any part of Eis Journey, unless other- 
wise specially instructed in Eis order. 

Assistance . — If both lines are obstructed, Ee must assist in clearing the lines, and 
then receive instructions for Eis further movements from the first guard, or Eis 
superior officer, being careful not to return on the wrong line until Ee Eas satisfied 
himself that the police have been made aware of the circumstance for the whole dis- 
tance Ee Eas to go on the wrong line ; and Ee must then proceed slowly, sounding Eis 
whistle every quarter of a mile during the whole time. 

JResponsihilitg, — When any engine is sent on tEe lino with an order, without any 
train, or from any other cause, without a guard, the engine-man will be entirely 
responsible for all the movements of the engine ; and, in addition to the precantions 
and rules ordinarily a|)plying to him, he must, in the event of being compelled to 
stop, send back the fire-man to make all the usual signals, as already described for 
stoppages. TEe fire-man must not return until Ee meets and is relieved by the next 
policeman. If the engine-man is obliged to cross over to the other line, and is some 
distance from a crossing, he must always move forward on the proper line to the next 
crossing, and never return on the wrong line. 

SECTION IV.— DESOEimON OF THE ^EOBD OF THE ISLES ’ AND THE ^ LIVEEFOOL V 
LOGOMOTIYE ENGINES,* 

‘lord of the isles’ broad-gauge LOCOMOTIVE engine. 

This fine powerful locomotive was exhibited in the Crystal Palace by tbe Great 
Western Bailway Company, of which Mr. Brunei is engineer. As a massive example 
of Stephenson’s class of locomotives and good workmanship, it is creditable to tho 
Swindon Bail way Works, where it was made, and an ordinary prize medal was 
awarded to the Exhibitors. After the expectation held out, that the broad gauge 
would be the means of introducing some decided novelty or improvement in loco- 
motives, not a few were disappointed to find that the ‘Lord of the Isles ’ only embodiett 
narrow-gauge improvements, and had been surpassed in originality, in heating surface, 
and in a low centre of gravity, by Crampton’s narrow-gauge engine the ‘Liverpool.’ 
It is however known that Mr, Brunei at first sought to introduce originality in the 
construction of locomotives, as well as in the width between the rails ; but before he 
got the locomotives fairly organised, Eis innovations were attacked by a powerful 
narrow-gauge force.f During this attack, the command of the broad-gauge engines 
was held by a pupil of the chief attacking officer (Mr. Stephenson), J to whom Mr. 
Brunei appears to have at once surrendered the locomotives to be Stephensonised, — as 
they soon were, — and concentrated his energies to defend the width of gauge only. 
With considerable difficulty this has been done, and necessarily insures comparatively 
greater safety from a greater width of base, being as 84: inches to 56^ inches, or 


t ^Youd and Hawkshaw’s Beports, 1838. 


By Jolin Sewell, C.E. 
t Gauge Eyidenco. Quest. 2220. 1845. 
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nearly as IJ to 1 in favour of tlie broad gauge. But in all tbe past gauge trials 
of locomotives in 1838, 1845-6-7, tlie difference in speed has been merely one of 
degree, slightly in favour of the broad gauge, high wheels, and large boilers, at 
extreme velocities ; but for practical ,every-day duty, with numerous stoppages, the 
advantages are on the side of lower wheels on both gauges. 

The late Mi*. George Stephenson considered the general introduction of his form of 
engines on the broad gauge as a great triumph, and many engineers now regard 
Crampton’s * Iiiverpool ’ as shewing the capability of the narrow gauge in producing 
a good worMng engine of a power, a height of wheels, and safety at high velocities, 
ecLual to the ‘Iiord of the Isles’ class of engines. It is, however, worthy of notice, 
that if Hr. Crampton was not a pupil of Mr. Brunei, he was at least some time in 
his locomotive office at Paddington, where he first brought out the design of the 
* Liverpool’ without success, until the gauge contest of 1845 brought it under the 
favourable notice of the London and North-Western Railway Directors, The sepa- 
rate crank-axle of Mr. Crampton’s ‘Polkstone’ locomotive is also one of Mr. Brunei’s 
early plans, which was taken out of two engines to Stephensonise them. The only 
difference is, that Mr. Crampton uses a side-rod whilst Mr. Brunei used toothed^ 
wheels to connect the respective axles. For these two designs, as embodied in the 
‘Liverpool’ and ‘ Folkstone,’ Mr. Crampton received the highest class or Council 
medal of the Great Exhibition, 
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JDescrijption of the Mngmmigs, 

Fig, 1 is a longitudinal section, shewing the general arrangement and outline of the 
‘Lord of the Isles ’ engine. 

Fig. 2 is a transverse section through the front and back fire-places on each side of 
the central water partition 3>, in fig. 1. 

. Fig. 3 is a transverse section through the smoke-box G, and cylinder M, steam pipe 
I, and blast pipe x, fig. 1 ; also tbi*ough the steam chest g g and slide valves N N 

■..'■■fig. .3. : 

The same letters apply to the same parts in each figure. 

Fig. 1.— -A represents the cylindrical part of the boiler, 10 feet 9 inches long by 
4 feet 10 inches in diameter, made of the best wrought-iron plates, well riveted 
together : b is the rectangular fire-box case, with a semicircular top, as seeu in 
figs. 2, 3, also made of best wrought-] rou plates, and securely riveted to the horizontal 
part A by means of a strong angle-iron; o, the rectangular smoke or. cylinder box 
with a semicircular top, as seen in fig. 3, also well riveted to tbe boiler. Viewed 
externally, these three separate divisions form tbe complete outline of the boiler, to 
which the machinery is attached. ' Internally, o is the copper fire-box fixed to the 
outside case b at its lowest edge by a double row of rivets. Immediately above 
these rivets tbe copper is bent inwards, as seen in figs. 1 and 2, so as to leave a 
water space averaging about 3 inches wide all round between the fire-box c and 
outside case b. As these flat sides present a large surface iu a weak form to the 
force of tbe steam, they are strongly tied together by numerous copper stays d d, 
screwed through both plates and the ends riveted over, as shewn in the upper side 
part 0 of tbe fire-box, fig. 1, or lower back part c?, on the right-hand side of fig, 2. 

In fig. 1, <3 is a side view of one of the strong wrought-iron stays which rest 
, on the vertical sides of the copper fire-box and support its flat top, which is strongly 
to it, as shown in the figure, or sectioually in fig. 2. 

is one of ten longitudinal wrought-iron stays which tie together the fiat 
ends of' Jailer, so as to resist the force of the steam. In fig. 2 they are 
sectiohafiy between the fire-box top stays e e. In all steam boilers the flat 



Pio-. 1 .— Longitudinal Section of the * Lord of the Isles. 
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surfaces reiimre to bo very strongly stayed foT security, v^liich will be apparent wlien 
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D k a tmsversemter partition about 4 inclies wide, wMcli divides tlie lower part 

of tbe iRre-box c into two separate fire-places e e ; tbe flat copper sides are firmly 
screwed and riveted together by the copper stays fig. 1, or at fig. 2, left-band 
side. , Transversely, as seen in fig. 2, it is curved upwards from the centre at each 
side towards the top of the fire-box 0, to which it is riveted, as shewn in the figure, 
while the right-hand side shews the hack of the fire-box below the tubular flues ; 
EB, the two separate fire-grate bars, figs. 1 and 2 ; E, the door by which fuel is 
supplied to the first-places ; c c c, fig, 1, the tubular flues, S05 in nnmbei', each 
11 feet long by 2 inches outside diameter, through which the products of comhustion 
I pass from the fire-box 0 to the chimney/ In fig. 2 their relative position to each 

t other is seen, with the first row commencing immediately below the top of the fire- 


box o : a, the smoke-box, in which are placed the cylinders, steam-chest, blast-pipe, 

and steam-pipe. On the 


Fig 


-Transverse f3ection through the Eire-placos, 



top of the smoke-hox, 
and with its centre ver- 
tical to the blast-pipe 
orifice, is placed the 
chimney h. 


I is 
turned 
where 
smoke • 
tinned 
chest q O', 
horizontal 


the 

at 

it 

box, 

to 


steam pipe, 
right angles 
enters the 
and con- 
the steam- 
fig, 3. The 
part extends 


all the length of the 
boiler and fire-box, and 
receives the steam at 
numerous small holes or 
thin narrow slits on the 
upper side, to avoid the 
oscillation of the water in 
the boiler when the pres- 
sure is either suddenly 
relieved at one part hy 
turning the steam on to 
the cylinders, or increased 
by shutting it off from 
them. This was one of 
Hawthorn’s patents. The 
regulator handle is shewn 

as hent down past the gauge cocks m, o, and glass gauge j, A rod passes from the 
handle along the centre of the steam pipe i to the regular valve placed at the top of 
the vertical part of the steam pipe i in the smoke-box, as shewn in fig. 1, or its 
cover at the back of the blast pipe x, fig. 3. In fig. 2, the transverse position of the 
steam pipe is clearly seen guarded by the water ^ haflie * plates //, so placed to pre- 
. vent any considerable body of water rising over the pipe or entering it with the steam. 
. t the ‘haffle’ plate f on the left-hand side of fig. 2, is seen the end of the small 
stea|!^^pe for conveying the spare steam to heat the feed water in the tender, where 
it rs^ttling noise when turned on by opening the cock seen outside 

theboSear ^ is the glass gauge tube fitted nicely into two brass 
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sockets attacked to tke front end of tke fire-kox case B. The tipper end is open to 
tke steam and tke lower end to tke water, by wkiok means tke relative keigkts of tke 
water and steam are seen by tke driver, w, % o, are three gange cocks fitted into a 
brass tabeplaoed parallel to tke glass tube. Tke tipper one^ m, opens to tke steam, 
and tke two lower ones, 0 , to tke water, so tkat in case of accident to tke glass 
tube tkey may ke nsed to guide tke driver in managing the engine, k is one of the 
two safety valves placed side ky side, as skewn fig. 2, wkere a lever is attacked at its 
extremity to one of Salter’s spiral spring weigking mackines, partly seen, by wkose 
indication tke pressure on tke valve is regulated. Tkis valve is under tke control of 
tke driver to lessen tke pressure, kut only very limitedly so to increase it. Tke otker 
safety valve is regulated ky a spiral spring placed vertically over it, and screwed down 
to give akout 5fbs. more pressure per square inok tkan tke steelyard lever safety valve, 
at wkich tke steam skould first blow off. TMs last valve is not under tke control of 
tke driver at all. 

M is tke cylinder, in « 

, . , . . . •, ^ Fig. 3.— Transverse Section tkrougk tke Smoko-Box, <S;g. 

wkiek IS fitted steam-tigkt 

tke piston 0 , fig. 1, wkose "1 

flat ends are skewn in tke ll I ' ^ 

transverse section of both S I' 

cylinders in fig. 8, wkere H 1 

3Sf N are tke two slide ii 

valves wkiek regulate tke j| 

admission of tke steam to ||| | 

tke cylinders, and its l|j|l Ij 

escape from tke cylinders 
to tke atmospkere. 

They are of tke usual ff/ i /jlv 

I) class, elevated in tke a / / V V — . .A y} | 

centre and planed flat faces 1 |L M J , 

on tke sides, for sliding ^ I 1 y^B j J § 

steam *• tigkt against tke || j § ^ | 

faces of tke cylinders, sur- jl | ^31 At, 

rounding tke steam pas- 
sages to tke cylinders and 

atmospkere. Tkere are JiH o fl 1° 

three of these passages, of ^|r ^ ''iJ uM j F 

which one at each end Ifl f y Jl in ji 

admits steam to or from tke ^ 

cylinders, and one in tke ; ‘ -vr J ^ 

centre, open to tke atmos- I [I ^ ^ If | 

pkere tkrougk tke blast |t| I I 

. pipe X, "Wken in a central f® 

position, these three pas- 
sages or ‘ ports,’ as tkey are frequently called, are all covered by tke slide valves n n. 
On these valves being moved until a portion of one of tke end passages is open, tke 
steam enters tke cylinders and presses tke piston o before it, whilst tke steam on tke 
opposite side of the piston escapes by tke opposite end port, past the inner edge of the 
elevated part of tke valve, tkrougk tke central port and blast pipe x into tke chimney n. 
Euring the return stroke, a similar action takes place from tke opposite ends of tke 
cylinders, and tke time taken in these separate acts is distinctly conveyed to tke ear ky 
tke separate ‘ beats’ or concussions of tke escaping steam against tke air in tke ckinmey. 
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At the Lack of the di-iving'-wheel guard- coYers, ou each side of the holler, %. 3, 
is a cup, with a Lent pipe inside the smoke-hos, to conYey tallow to lubricate each 
slide valve Nsr. p is the piston rod, whose end is keyed or screwed into the cross- 
head or guide which moves in a line with the cylinder between the two guide-bars 
shewn in fig. 1. The opposite side of this cross-head guard has a spherical bearing 
which is grasped by a concave bearing, keyed on to the end of the connecting rod n, 
whose other end is also keyed into a cylindrical bearing which grasps the crank q, 
of 12 inches throw. On this cranked axle the driving or propelling wheels tr are 
fixed. ■ 

The pumps are not shewn^ but are placed in a line with the motion bar, and worked 
directly from the cross-head. 

To the front end of the frame s are attached two leather ^ buffers ’ filled with hair, 
coir, and cork shavings ; also the rail-guards below, to clear off any obstructing 
body on the rails. One of each is shewn in the figure, as well as the drag-chain for 
coupling the engine to another vehicle. 

Tj fig. 1 , is one of the eight springs which form the elastic base of 20 x tl = 145 
feet that supports the boiler and machinery on the eight wheels, a; k fig, 3, are 
sections of the two leading springs connected to the frame mid-way between the 
two pairs of leading-wheels by vertical links from the centres of the springs. Each 
end of these leading-springs is supported by a vertical rod resting upon one axle-box 
of each pair of wheels, so that one spring on each side sustains the weight of the front 
end of the engine on the two pairs of wheels. One of the four driving-wheel springs 
is partially seen in fig. 1, with its centre connected to the under-side of the axle-box 
and its ends connected to the frame by a hooked screw-holt, to regulate the weight upon 
these wheels. Of the others, one is opposite and two above the axle under the frames 

u is one of the driving-wheels, 8 feet diameter, made entirely out of malleable iron 
scraps, with a plain steeled tire outside, slightly shrunk on and further secured by 
the set-screws shewn in the figures. The other wheels are 44 feet in diameter, also 
made from scrap iron, and having steeled tires with flanges on them, to guide the 
engine on the rails. 

In fig. 2, the elevation of the driving-wheel, guards, hand-rail guides, and side stays 
which fix the boiler to the frame resting on the axle-boxes by the spring pins, are seen 
on each side. In fig. 3 the front axle, axle-boxes, side stays, and springs are shewn 
sectionally, with the driving-wheel, guards, and hand-rail supports in elevation : T is 
the connecring-rod of the opposite engine on the centre or powerless point where the 
crank q and oonneeting-rod n are exerting their greatest power. Below e, and on 
each side of v, are seen the eccentric rods connected to the suspended curved ‘ link,’ 
which works the slide valves n jr, on the plan called the Uink motion/ first success- 
fully introduced by Mr. Gray on the Hull and Selby Eailway, which success led to its 
modification and genei’al adoption on most locomotives. 

The ohject of the * link motion’ is to enable the driver to vaiy the q_uantity of 
steam admitted to the cylinders according to the load against the pistons, which it 
does by giving the slide valves more or less teavel according as they are worked from 
the centre of the curved link or any part towards its extremity. When worked from 
the extremity, the travel is greatest and the steam-port longest open, which admits 
most steam to the cylinder, to overcome heavy loads, gradients, or starting. As the 
slide-valve connecting-block is moved nearer and nearer to the centre of the link, the 
of the slide-valve becomes less and less, thereby cutting off the steam sooner 
cylinder, to promote economy in working the engine. 

^ A placed conveniently for the engine-driver, is connected by a long 

side xod^ of a bell-crank shaft. The slide-valve links are attached 
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to tLe liorizontal arros of tins sliaffc, one of wliicli is seen above the centre of the 
second front wheel, in. fig. I. As the driver, therefore, moves the lever handle from 
the centre ‘notch’ or catch which retains it, the position of the valve connecting linh 
is varied by its end sliding np or down in the curved link. The motion is so arranged 
that when the handle is moved towards the front, the engine is in forward gear, and 
runs in that direction j but when the handle is moved from the centre backwards, the 
engine is in backward gear, and runs backward. 

w is the ashpan fitted np against the lower edge of the fire-box case b, to receive 
the ashes or cinders falling from the fire-grates e E, The bevelled side toward the 
front is closed with a flap-door when not working, to prevent unnecessary combustion 
by excluding the air ; but when running, this flap is opened by the driver, to admit 
air to pass through the fire, and promote combustion. 

X is the blast pipe for conveying the steam from each cylinder to the atmosphere, 
so as to promote a rapid combustion of fuel and generation of steam. As shewn 
in fig. 3, the two pipes are joined together near the upper extremity, to form only one 
orifice, 5 1 inches diameter, central with the chimney. This orifice is regulated in 
diameter by the quantity of steam reqnired in a given time. If the boiler possesses 
large generating power compared with the duty it has to perform, the blast pipe can 
be enlarged ; but if the boiler’s steaming power is small as regards the duty, the blast 
pipe has to he reduced in size to increase the velocity of the escaping jets of steam up 
the chimney, and consequently the velocity of the air through the fire, to i>romote 
more rapid combustion. Since the compression of the escaping steam through the 
blast pipe causes an opposing or back pressure in the cylinder against the piston, it is 
a desideratum to make it as large as can be done, to make that back pressure as 
limited as possible. In the ‘ Lord of the Isles ’ class, at all velocities below 40 miles 
an hour, the back pressure little exceeds that of the atmosphere, which of course is a 
constant pressure; but after the exhaust or escape port is closed, the atmospheric 
pressure of ISIbs. is compressed until it reaches at the last instant a considerable 
amount, ready to act in propelling the piston the moment it commences its return 
stroke. 

This important yet simple part of a locomotive engine was first practically intro- 
duced in railway locomotives by Mr. Hackworth, and first prominently exhibited by 
him at the Liverpool trial of locomotives in 1829. 

In fig. 3, y y is a series of iron strips fitted up similarly to a Venetian window-blind, 
which are raised to stand out^parallel with the tubes when the engine is at work, but 
shut down over the tubes when not at work, as seen in fig. 3. The manner of their 
jointing to the closing and opening rods is shewn seotionally at y y, fig, 1. The lever 
by which this is done is seen at the left-hand side, and is connected by a side rod to 
a handle within the reach of the driver. The outside circle shews the relative 
diameter of the top of the fire-hox case b, fig. 1, to that o^ the smoke-box a, on which 
the chimney is fitted. 

The principal inventions embodied in this engine are modifications of Brunei’s high 
wheels, Stephenson’s fire-box, tubular fiues, slide-valve arrangement, and springs ; 
Hawthorn’s steam pipe and four separate eccentrics ; Gray’s expansive valve motion, 
Hackworth’s blast iripe, Papin’s steelyard or lever safety valve, and Rastrick’s lock- 
up safety valve. 

The fire-hox heating surface is 156 square feet, and the tuhular flue heating sur- 
face 1759 square feet, or a total heating surface of 1915 square feet. The cylinders are 
each IS inches diameter and 24 inches stroke, with a driving wheel 8 feet diameter. 

The extreme evaporative power is stated as lOGO horses, and the effective power as 
743 horses. 


von. iir. 
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Witlx an ordinary mail train of 90 tons, at 29 miles an iionr, tlie consumption of 
colie bas averaged 20*8 lbs. per mile. 

-Tliis consumption is, lioTrever, evidently not an average consumption for average 
work, but that due to a special train under favonring eircnmstances. The real average 
consumption of coke per mile mil be from 40 to 50 per cent. Mgber, or from 28 to 
30 fbs. per mile. Such is tlie influence of a few miles’ greater speed per bour, anfl 
ordinary contingencies, in all locomotives, without reference to gauge. 

CRAMPTON’S ' PATEOT' EOCOM 

In describing tbe ^Xord of tlie Isles ’ broad-gange engine, we have referred to tbe 
eircnmstances -wbicli fii'st brought this class of engines into piiblio notice. Before 
that time, the general practice was to place the driving wheels below the cylindrical 
part of the boiler, as adopted by Mr. Stepbenson soon after the locomotive trial on 
the Livei'pool and Manchester Railway in 1829. Mr. Crampton’s proposal to place 
them behind the fire-box, and lower the boiler altogether, met with no favour at first 
from the adherents to the older form. The exigencies, however, of the narrow gauge 
overcame the prejudice existing against his engines, which are now acknowledged 
as a valuable class both in England and on the Continent. In England, the 
‘ Liverpool,’ constructed by Messrs. Bury and Co. on Crampton’s patent, is the most 
powerful of them yet made, having cylinders of 18 inches diameter and 24 inches 
stroke, with driving wheels of 8 feet diameter. The heating surface is in propor- 
tion, amounting to 154 sq.uare feet of fire-box, and 2131 square feet of tixbular flue 
heating surface, making a total of 2285 sgnare feet, or about 370 square feet more 
than in the *, lord of the Isles,’ with equal-sized cylinders and driving wheels. The 
weights of these two engines are nearly alike, only • varying about one ton, the 
* Liverpool’ being stated as 32 tons, and the * Lord of tbe Isles ’ as 81 tons. 

For symmetrical appearance, the ‘Liverpool’ has a less bold and pleasing outline 
than the engines of Stephenson’s form, as exemplified in the ‘Lord of the Isles.* 
However, what is thus lost in appearance is gained in safety, by lowering the boiler 
until the relative centre of gravity is lower for a narrow-gauge engine than for the 
existing broad-gauge engines. To those who had an opportunity of seeing both the 
above-named engines in the Crystal Palace, this would be evident, and constitutes 
tbeir chief difference from tbe usual form on both gauges. It is also the low centre of 
gravity and position of the driving-wheels which enables them to compete with the 
broad gauge in power and safety within the limits of weight economically sustainable 
by the rails and permanent way. In the new edition of Tredgold there are elaborate 
engravings of the ‘ Liverpool,’ as exhibited by tbe London and Rorth Westem Railway 
Company in the Industrial Palace, Hyde Park. This engine, it may be remarked, 
worked well, but was laid aside, along with another large 8-wheeled engine of Mr. 
Stephenson’s, as too heavy for the roadway. The Great Western Railway Company, 
however, persevere in working their large engines at 110 lbs. pressure of steam, 
regarding them as more economical for the heavy traffic of the London end of the 
railway than the smaller engines worked at only 75 lbs. pressure. Deducting the 
atmospheric pressure of 15 lbs. from each, it gives, for equal-sized cylinders, a working 
pressure of 95 lbs. to 60 lbs., or as 1 to 1*58 in favour of the large engine, without 
reference to size of cylinder. 


'5''^ - 




liemn^tion of tlie Mnrjmvm^ . 

Fig. 4 is a side elevation, shewing the general appearance of the engine and 
arrangement of the wheels and machinery. 


The principal dimensions of this engine arc, — cylinders inches diameter and 
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21 inclieB stroke, witli driving wheels 7 feet diameter, The middle wheels are 3 feet 
I diameter and 8 J feet in front of the driving wheels. The front wheels are 4 1 feet 

diameter and 74 feet from the middle wheels. The base resting on the rails is there* 
fore 16 feet in length hy 5 feet in width to the centre of the i*ails. The base resting 
on the springs is 19 feet in length by 8 feet in width, and the area of the entire frame 
24 feet by 8 feet wide. The frame is made of two wronght-iron plates 84 inches deep 
by 1 inch thick, and 22 inches apart on each side. Within this double frame the 
wheels are placed, having inside axle-bearings for the driving wheels and outside axle- 
bearings for the two pairs of supporting wheels. The side frames are strongly bound 
together* by the foot-plate behind the, fire-box, a curved stay-plate in front of it, two 
more where the cylinders are fixed, and two below the smoke-box. The front buffer 
bar is of oak, 6 inches thick, and curved down to 24 feet deep, to clear the smoke-hox 
door: it is strongly bolted to the sides of the frame, and has two stnffed leather 
buffers fixed in front of it. Yiewed externally, the fire-box is 5 feet 1 inch long and 
4 feet wide, with a semicircular top on a line with the boiler, which is also 4 feet 
diameter. Internally, the fire-box is 4 feet 5 inches deep, 3 feet 4 inches wide, and 
4 feet 6 inches long. The top stays are 8 inches deep, well bolted to the top, and 
also fixed to the top and both ends of the outside boiler cases, besides resting on the 
vertical sides of the fire-box, similar to the ‘ Lord of the Isles.* The cylindrical part 
of the boiler is 4 feet diameter and 11 1 feet long, containing 177 tubular fines, each 
2 inches diameter and 11| feet long. It also contains the receiving steam pipe, 
extending all the length of the boiler, and 5 inches diameter, but only 34 inches 
diameter over the fire-box. The flat ends of the fire-box case and smoke- box are 
further stayed together by six wrought-iron longitudinal stays. The connecting rods 
are 74 feet in length, and the eccentric rods 5 feet long. The top of the boiler is 
6 feet 10 inches from the rail, and 2 inches below the top of the driving wheels. The 
bottom edge of the fire-box is about 1 foot from the rails. The orifice of the blast pipe 
is 5 inches diameter, hut is fitted up with the means of varying its size, by the rod 
seen alongside the boiler to a small crank near the chimney. 

The average velocity realised with ordinary trains by this engine is about 46 miles 
per hour, and the extreme velocity about 63 miles per hour. 

On examining the figure, it is seen that the top of the fire-box and central part of 
the boiler are parallel with each other, and the whole outline is much lower than the 
usual form of engine. The driving wheels are also observed with their axle imme- 
diately behind the fire-box and over the foot-plate. These are the two distinctive 
features of Crampton’s engines, viz., a low centre of gravity and the driving wheel 
axle behind the fire-box. By this arrangement the greatest weight is placed on each 
pair of extreme wheels, and the least weight on the centre ones, to insure greater 
steadiness, and less risk of leaving the rails easily. For instance, there are about 10 
tons on each pair of the driving and front wheels and only about 7 tons on the middle 
pair of wheels of this engine. 

This is considered as a point gained in safety, hypreventing that tendency to 
oscillate when the greatest weight is balanced on a central pair of driving wheels, whilst 
the hinder pair has only a nominal weight to support, or an overhanging fire-box 
without the check of a pair of wheels, as iu Stephenson’s long-boiler class. 

It is the position of the driving- wheels and their diameter which determines the 
height of the boiler in the ordinary class of engines, and when these wheels are high 
and.^heir axle cranked, the boiler is also necessarily high above the rails. The ‘ Lord 
of of this class, with a holler 58 inches diameter, raised as far above the 

driving allow the cranks and connecibing rods space to revolve round the 

axle, by w1h®„% from the rail is about 94 feet. With a boiler 60 inches deep 
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and driving wheels of tlie same heiglit, the * Liverpool’ is only ahont TJ feet high 
from the rails. 

In engines with the driving wheels behind the fire-hox, the height of the boiler 
depends upon the diameter of the supporting wheels and the distance it is desirable 
to keep the lowest edge of the fire-box above the rail ; hence the difference between 
the respective heights of the * Liverpool’ and the *Lord of the Isles.’ The annexed 
diagrams will more clearly explain the difference referred to. Fig. 5 is an outline 
of one of Stephenson’s long-boiler engines, with driving wheel feet diameter. In 
this class, the smoke-box overhangs the front wheels, and the fire-box overhangs the 
driving wheels, which are placed behind the supporting wheels. It maybe noted that 
this alteration of the usual central position of the driving wheels by Sljephenson 
materially aided Crampton ^ 

in gettinghis plan tried, for 
it was obvious that greater | ' 

safety and steadiness would 

be obtained by placing the x ^ 

wheels behind the fire- j I 

box than in front of it. ~ — — - ^ -~ 

In Stephenson’s old short 
boiler engines the wheels 
were arranged , otherwise, .1 
as if the middle; wheels, (UI^ — 

fig. 5, were taken out 

and placed behind the - 

fire-box, as in the ‘Lord Fig. 6. Fig. 7. Fig, 8, 

of the Isles.’ Fig. 6 shews - ^ 

the transverse elevation ^ ( ) 

of the boiler, fig. 5, whilst ) fh I 

fig. 8 shews the relative \ y JjiL J.J| L I hrziIOIEi 

height of a boiler over a j hj—jjjt 1 H y I l I iLrJ i I 

cranked axle in wheels I nJil ^ I i 

8 feet diameter. Fig. 7 , ■ 1 I 1 I I 

shews the comparative " 

height of the boiler of one of Orampton’s engines with 8-foet driving-wheels. The 
difference in point of safety is obvious. 

It is, however, evident that Crampton’s idan could also be applied to the broad 
gauge, but under the disadvantage, already great enough for the narrow gauge, of 
increasing the distance from the centre line of progression to the centre line of pro- 
pulsion by the cylinders. Inside-cylinder engines have these centres nearer each 
other, which tends to prevent oscillation with a high centre of gravity, and the 
cylinders are well protected from external cold in the smoke-box, whilst outside- 
cylinder engines are necessarily less protected, and more distant from the centre of 
progression. In a later patent Mr. Crampton has sought to obviate these disadvan- 
tages and still retain a comparatively low centre of gravity, by introducing a separate 
crank axle, as in Trevithick’s first locomotive of 1803, and in two hroad-gauge 
engines of 1838. 

This plan is carried out in the ‘ Folkstone,’ where the cylindei^^are placed in the 
smoke-box inside the frame, and the machinery of piston-rods, link motion, pumps, 
and cranked axle is placed below the boiler, as in the ‘ Lord of the Isles.’ The 
cranked axle has no wheels on it, and is placed as low as is practicable, with its ends 
connected to the driving wheels behind by side rods, similar to luggage train engines. 
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EortEese coml)mations of loeomotiYe macMnery tlie Council medal of tlie Great 
ExliiMtion was awarded to Mr. Crampton, as tlie designer of tlie ‘Liverpool’ and 
tLe ‘Folkstone’ locomotive steam engines. 

A considerable number of Crampfcon’s engines are now employed, varying only 
sligMly in detail from tbe example here given, and a few also on tbe plan embodied 
in tbe ‘Folkstone.’ Tbe Ml detailed description of tbe ‘ Lord of tbe Isles ’ renders 
it unnecessary to do more than point out generally tbe similar details of Crampton’s 
engines, wbicb combine tbe same inventions as are in tbe ‘ Lord of tbe Isles,’ with 
tbe differences already desei'ibed. 

In fig. 4 tbe length of tbe fire-box is shewn by vertical dotted lines j it is 
strongly stayed, and similarly constructed to that of the ‘ Lord of the Isles,’ excepting 
that it has no divisional water space in tbe fire-box. The ‘Liverpool’ has however a 
longitudinal water space in tbe fire-box, open to the water at the top, and dividing tbe 
fire-box top into two parts, but only reaching downwards to within 7 inches of the 
fire-grate, wbicb is therefore not divided as in tbe fire-box of the ‘ Lord of tbe Isles,’ 

Tbe front of the tubes is also open to the products of combustion, whilst the 
upper parts of the fire-box sides are curved outwards to increase the tubular area of 
tbe boiler, as now also adopted in some broad-gauge engines. From this description 
it will be understood that the water partition of tbe Liverpool’s fire-box is longitu- 
dinal from the top downwards, whilst it has been shewn that tbe water partition of 
tbe ‘ Lord of the Isles ’ is transverse and curved upwards from tbe bottom. 

The position of the cylinders is seen between the front and middle wheels outside 
tbe boiler, and well fixed to the double frame. Tbe steam pipe is seen passing from 
the regulator chest on the top of tbe boiler to the steam chest on the upper side of tbe 
cylinder. When tbe regulators are opened by tbe rod seen on tbe top of the boiler, 
tbe steam passes down the outside lateral pipes, 4| inches diameter, to the steam 
chest, where the slide valves distribute it to the cylinders. From the cylinders tbe 
steam escapes by the oblong circular passages below the slide valves, and along the 
pipe leading from the cylinder to tbe smoke-box, where the two side pipes are turned 
upwards and united to form the blast pipe. Immediately over tbe blast pipe is fixed 
tbe chimney, 15 inches in diameter, with a cover fitted on its top to check tbe draft 
on tbe fire when tbe engine is not working. Tbe vertical rod and handle are seen 
by wbicb. tbe damper is turned off and on tbe chimney as required. 

For want of this simple process of working this damper a fire-man was killed on 
tbe Great Western Eailway, by bis bead being jammed between tbe chimney and tbe 
joist of tbe shed, as tbe engine moved from rest, whilst be climbed up to remove a 
loose plate by band from the cbimney-top. 

Behind tbe middle wheel is seen tbe position of tbe piston rod, guide bars, and 
cross-bead, with its union with the rod wbicb connects it to tbe driving wheels on 
wbicb tbe sheaves of tbe eccentric are fixed. Two of tbe four eccentrics are shewn with 
their rods jointed to tbe upper aud lower end of tbe curved ‘ link ’ wbicb is attached 
to tbe slide-valve rod by a slide block, moveable inside tbe link. As drawn, tbe 
lowest eccentric rod is in ‘Ml gear’ for working tbe slide valve. Behind tbe driving 
wheel is seen tbe reversing lever, with its connecting rod leading to tbe reversing shaft 
arm near tbe middle wheel, having another arm connected to tbe top of tbe curved 
I bk . By this band-gear tbe driver moves tbe link up and down tbe slide-valve rod 
,"ilopk to regulate tbe travel of tbe slide valve and expansive action of tbe steam 
M' lte itity it has to perform, as described in tbe link motion of tbe ‘Lord of tbe 

To the same shaft, tbe circular weight is attached, to balance the - 

weight of the link and eccentric rods, so that they may both work and be 
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present step towards tlie opening up of sucli an inYestigation ; ‘but he trusts to the 
circnmstance of its being a step in the right direction, and on ground entirely unoccu^ 
pied by others, as some excuse for the attempt. 

The boiler of the railway locomotiye steam engine may be shortly defined as a 
* cylindrical fire-box boiler,’ with numerous small tubular flues, and ‘direct draft’ 
produced by discharging the * exhaust ’ steam through the chimney. This definition 
is intended to point out, in a popular sense only, what ■would be the true position of 
the ‘locomotiYe’ amongst the numerous varieties of ‘stationary’ boilers, if tahen 
from its carriage and set on brickwork. 

In applying ne'w methods of computation to such purely practical matters, it will 
be best to adopt the synthetical mode of giving, as we proceed, the rule and the reason 
for it at the same time, — trusting to some analogical experiments "with stationary 
fire-box boilers, as a connecting link between the perfect stationary and the perfect 
locomotive boilers, to make our case complete. 

2. The ‘ egg-ended’ cylindrical boiler being the simplest and perhaps the best of 
all stationary bigh-pressure boilers, and easily appealed to in corroboration or cor- 
rection of wbat we advance, almost every one being conversant with it, it will be 
best to take it as the groundwork for the data to be employed, assuming only, for 
our present purpose, that the plain cylindrical boiler with flat ends is in its evapo- 
rating power snhstantially the same. This is, in fact, identical with the common 
^ barrel 'boUer'* of the North of England Collieries ; and when set up with a Hlirough 
draft,* or without side flues, or flues of any kind, as it frequently is, and with the 
furnace-grate at one end, of the same width as the boiler itself, it, brings ns one step 
nearer to the condition of the locomotive, and so far assists the comparison we are 
instituting. 

8. Now if is not a mere matter of opinion, but the result of numerous experiments 
instituted upon a large scale for joractical purposes 07i2y,”Carried on nnder the 
inspection of the writer, and recorded in a work especially devoted to the subject of 
stationary boilers,— that the evaporative power of a boiler of this description, with a 
certain assignable amount of draft and quality of fuel, depends upon three points,, 
which are as follow : 

Mrst On the area of the fire-grate, or the area of the heating surface imme^ 
diately over or very near it, exposed to the direct radiation of the heat from the 
burning fuel. 

Secondly. On the whole area or extent of heating surface exposed to the upward 
action of the flame and hot air within a certain limit. 

Thirdly, This limit is, that with a furnace-grate and bars Of any ordinary construc- 
tion, and common coal, there is no appreciable loss of evaporative effect, if the area 
of the effective heating surface only exceeds that of the fire-grate or radiant heating 
surface immediately over it, in the proportion of wme to ojie. 

Although the above data for stationary boilers have direct relation to their evapo- 
rative powers alone, irrespective of their economy, experience has proved that the 
proportion of not more than 9 to 1, or a square yard of heating surface to a square 
foot of fire-bar, is also the most economical j and that by using fuel of a stronger 
heating quality, or by an increased draft, which amounts to nearly the same thing, 
even a somewhat less proportion of heating surface is sufficient to render any addition 
to it unadvisahle in any case, as costing more than it is worth. 

^ ^;:|lpplying the above proportions in practice, it was also found that there was no 
drSOiltsNfe evaporating a cubic foot of water per hour for each square foot of fire- 
grate, ! inferior coal ; and that with the best coal, and careful management 

in feeding the fii^ a ^oportion approaching to half a square foot was sufficient. 
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5. Taking tLe evaporation of a cubic foot of water per hour iso be amply sufficient, 
as it is, for each horse-power in a common Boulton and Watt engine working unex- 
pansively, the power (P) of any boiler to supply such engine with steam may be 
represented by 

:p.= 4(F + S),' 

where E = the area of fire-grate in square feet, and S = the effective area of heating 
surface in square yards, never greatly differing in amount from F, and never exceeding 
it. Where, however, S was considerably less than F, though not less than J F,-— 
below which our experiments did not extend, —instead of the arithmetical mean, we 
found the geometrical mean between F and S to express the nearest approximation to 
the greatest evaporative effect that could be produced, or 


6, We will not assert that it is impossible to find a more correct expression for the 
relation that subsists between the areas of fire-grate and heating surface when a boiler 
is imoducing its maximum effect, than the above empirical formula presents ; but it 
will not be easy to find one more eligible for ready application in practice. 

The proportions of heating surface to the fire-grate above given being admitted as 
correct under the given circumstances of quality of fuel and draft, we may apply 
them in ascertaining the evaporative power of the boiler taken as our first example ; 
namely, 

7. The cylindrical JB oiler toith flat ends . — In order to obtain a simple expression 
for the heating surface of this boiler, in square yards, let L = length of the boiler in 
feet, D = tbe diameter, and a = 3*1416 ; then, taking the lower half of the cylindri- 
cal boiler to be entirely exposed to the fire, fiame, and hot air,— -excluding the fiat 
ends, which are generally compensated for by excluding from our measurement a few 
inches in depth of side surface, of about equal value, which is commonly covered over 
by the brickwork below the level of the central line of the boiler, —we have | a B L = 
the area of the under surface of the boiler in square feet, and 

Q „ 1*57I)L _ BL . ; 


which, taking our previous data of a square yard of effective heating surface as sufficient 
for a horse-power, is also 


8. The cylindrical boiler under consideration may be supposed to have a diameter 
of 6 feet, which will conveniently admit a fire-grate under it of 5 feet square, = 25 
square feet area ; and in order to be arranged in the best profwrtlons for a 25-horse 
boiler, as before indicated, would require a heating surface of 25 square yards, or 


whence — =23*75 feet for the length of the boiler, which is nearly four 

times the diameter : but as it is expedient to approximate these examples as nearly as 
convenient to the more general proportions of the locomotive boiler, we may assume 
that 20 feet will be a preferable length in this case. Its heating surface will then be 
(Art. 7)S = I)L-“5*7 — 6 x 20 -^5 *7 = 20*9 square yards ; which, being less 
than the number of square feet in the area of the fire-grate, the correct value of B is 
(by Art. 5) = (F S)i— ^’lo x 21 = 23 horse-powder nearly. 


563 


STEAM ENGINE^ LOCOMOTIVE. 


9. In pnrsnance of this investigation, it may now be supposed that for tlie purpose 
of increasing the heating surface and conseciuent economy of this boiier, and for 
diminishing the quantity of water it contains, in order to bring it nearer the condition 
of a locomotive, it is determined to put into it a cylindrical flue of 4 feet diameter, 
passing longitudinally through it from end to end. . Supposing also that the fire-grate 
remains as before, but that instead of the smoke passing direct from below the boiler 
into the chimney it takes one turn through the inside flue, let us examine the amount 
and the effect of the additional heating surface which is thus obtained. 

10. It has been found by repeated experiments with common square or nearly rect^ 
angular-sectioned flues, that the top of the flue only is fully effective in generating steam j 
the sides, if nearly vertical, having very little effect, and the bottom of the flue stiU less, 
or next to none ; and that in a circular flue, whatever effect may be due to the bottom 
and sides, it is amply compensated for by allowing the upper semi-cylindrical portion 
to he calculated to the full extent of its area as eficctive heating surface. And when 
we consider that the smoke and hot air must act against the inside or upper concave 
surface of the flue, in the same manner as they would do against the outside ox lower 
convex surface, siipposing the flue to be taken out and fixed up as an extension of the 
boiler, it is evident that the effective heating surface of the flue cannot he reckoned 
at less than we have stated : therefore, in computing the effective heating surface of 
all circular flues, the lower half must be entirely excluded as non-effective, 

11. From the above considerations it appears, that the expression for the effect! vo 

heating surface of the outer shell of the holier must also be the correct one for that 
of the inside flue, or S = D 5*7 = 4x 20 — 5*7 == 14 square yards, which, 
added to the heating surface of the shell, = 21 square yards, as before found, gives 
35 yards as the total effective heating surface of the boiler and flue. Such a large 
additional surface would enable the boiler to produce the full evaporative effect due to 
its 25-horse fire-grate ; and such a boiler for evaimrating ^UT%mes (though not 
for working a stationary engine) we know from experience to he extremely economical 
'of fuel. . ' ' 

12. The most obvious way that now presents itself to assimilate the condition of 
this boiler towards that of a locomotive, is to remove the furnace from under the 
boiler, and to place one with a fire-grate of the same area within the inside flue. This 
done, the evaporative power and economy of the boiler will remain just the same as 
before, provided the hot air is compelled to return down and spread itself under the 
boiler bottom before passing into the chimney. If, however, we discard all the effect 
to be obtained from applying heat to the external surface, and allow the smoke to 
pass direct from the inside flue to the chimney, we acquire a still nearer approach to 
the locomotive principle, and our hypothetical boiler at once becomes the TrevitUclc 
locomotive 'boiler^ the great forerunner of Stephenson’s. 

It is certainly true that these proportions of 25 square feet of fire to 14 square 
yards of surface, making a boiler, according to our views, of 14 = 18 4 horse- 

power, would be far from economical. But it only requires to have a 14-horse fur- 
nace-grate to make it a good 14-horse boiler for various evaporating purposes ; and 
with a steam dome and a fire-feeding machine it would he equally good as a steam 
mgine boiler. 

13. The first improvement that suggests itself in the last-named boiler is to take 

out the large flue and to substitute two smaller ones instead, each of 2 4 feet diameter, 
Itom^nmsing the effective heating surface to (2| x 2 x 20 5*7 =) 174 square 

yfUBd‘S;j.v9Sds^ iWith a fire-grate in each flue corresponding to the heating surface, 
would Loiler, not very dissimilar in proportions to some of the 

oldest loeorhotives* ‘ - 
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14. Anotlier variation or extension of the principle of the above ‘ 

boiler would be its conversion to the condition of the ^ ciT<mlar marine 'boile 7 \'^ by 
having the two furnace or main flues made something less in diameter, say 2 feet, so 
as to allow them to be placed lower down in the boiler for the purpose of admitting 
four smaller flues, each of 12 inches diameter, returning from the smoke-box over^ 
the top of the former to the chimney. The effective heating surface in this case is 
again increased to 28 square yards, making, with an adequate area of fire-grate, a 
boiler of about 28 horse-power. 

15. The next point of view in which to place our hypothetical boiler, in its approxi^ 
mation to the locomotive, would be that of a kind called the ^Lmr^) 0 ol Patent^ con- 
struction, which became suddenly very popular soon after the opeamg of the Liverpool 
and Manohester Bailway: they were precisely the same as the last mentioned, or 
‘ circular marine boiler,’ only that they were adapted for land purposes, and a fire-box 
was added. Many of them were made about the time referred to, but they generally 
failed for want of draft. They were as nearly as possible the same as those called 

* StQ'oenis Avfierica'ii Boilen^ of which some valuable details were given in Mr. VVeale’s 

* Engineer’s and Contractor’s Pocket Book’ for 1848 ; from which it also appears 
that to America belongs the honour of first applying them successfully in steam 
boats, in conjunction with the fan-blast and antliraeite coal. Not, however, being in 
possession of their actual evaporative power in practice, we here give the dimensions 
of one of a very similar kind, many of which came under our own observation 
in Lancashire, in 1833, certainly some years antecedent to their re-invention in 
America. 

16. This was a seven-fiv^ed fire-box boiler^ 23 feet long in the cylindrical part by 
7 feet diameter, with the addition of the fire-box of 7 feet wide externally by 7| feet 
long, making a total length of 30 J feet ; the internal fire-box was 6 J feet wide by 
7 feet long and 4 feet deep. Of the seven flues three were direct, averaging 13 inches 
diameter by 21 feet long, passing from the fire-box to an internal Hake-up,’ or smoke- 
box : from this smoke-box proceeded four return flues, each of 12 inches diameter by 
28 feet long, passing over the top of the other three flues, and over the top of the 
fire-box to the front of the boiler, where the smoke passed out to the chimney, after 
making one turn under the cylindrical part of the boiler. Two of these boilers were 
worked for some years at a chimney with a good draft (equalling a pressure of half 
an inch of water), evaporating from 40 to 50 cubic feet of water per hour with only 
a moderate consumption of fuel; which was a greatly improved result compared to 
that obtained from some others, by the same makers, with a greater number of 
smaller flues, and consequently worse draft. 

17. Eeverting to our hypothetical boiler of 20 feet by 6, we shall, by putting into 
it a dozen direct tube flues, each of & inches diameter, and adding a fire-box of 6 feet 
by 5, again increase its heating'surfaoe, while the collective cross sectional area of all 
the tubes is nearly doubled ; therefore, with the same chimney or blast, we know that 
the draft would not be diminished. 

The effective evaporating surface of the flues alone, or s >= 3>(=a: *75 x 12 = 9 ft.) 
X L (=20) -"5*7 = 31 square yards, with a fire-grate of 30 square feet in the fii'e- 
box, may be considered a good 30-horse boiler. 

18. Having proceeded so far to shew the increasing oapahilities of the locomotive 
boiler, considered as an evaporating instrument merely, in its gradual conversion 
from the simple cylindrical stationary boiler to the direct-draft locomotive boiler of 
Trevithick, and through various forms of construction, to the multiflue or ‘ tubular 
fire-box boiler of Stephenson, — computing the power derivable from each alteration, 
and tracing their nearest analogies to stationary and marine boilers, as grounds for 
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sticli computation, we now introduce anotlier element into the calculation, namely, 
the radiant heating surface of thefire-hox. 

19. In calculating the power of stationary boilers, we have always considered the 
radiant heating surface as nearly co-extensive with the area of the fire-grate, and 
therefore the expression for them in any formula for the power as nearly the >same : 
where, however, the area of the fire-grate is small in comparison with the depth of 
the fire-hox, as in a locomotive, the case is very different ; for instead of that part of 
the heating surface in the furnace which is very near the fire being immediately over 
the latter, as in a common boiler, the sides of the fire-box are, on the contrar^'^ 
mostly vertical, whilst the part which is horizontally over the fire, namely, the top of 
the fire-box, is really the furthest off. Now the evaporative value of different por- 
tions of this surface must depend in some measure on adventitious oircumstahces, 
which will vary a little in different eases, such as the direction given to the current 
of air through the grate; though Engineers have generally agreed with Pambour in 
treating it as if it were uniform in its heating effects, calling all the surface ex- 
posed to the direct radiation from the burning fuel on the grate, indifferently, 
[radiant heating mrf ace whilst the total surface of the tubes or fiues, exposed 
only to the hot air or smoke, has ^ c^^nunicative heating surf ace.'^ As 

to the communicative surface of the tubes, we have already considered one-half of it 
only to he really effective in generating steam (Art. 10), for reasons which will 
presently appear. 

If we take a square iron box immersed in water, and keep it continually filled 
with a ouiTent of hot air passing through it, ia sufficient quantity to keep the water 
gently hoiling, we find that the upper surface, when horizontal, generates more than 
double the quantity of steam per unit of area generated by the sides, when the latter 
are Tertioal,— whilst the bottom generates none at all. These facts are evidently 
quite independent of the action of the hot air on the internal surface of the metallio 
box, which of course is uniform, and arise entirely from the difficulty there is in the 
water getting proper imcess to, or coming into close contact with, the side surface 
(except at a small portion towards the bottom), so as to take the heat up with suffi- 
cient facility to become converted into steam. The minute bubbles of steam, as they 
rise more or less rapidly to the surface of the water, eonstitnte, in fact, the oondition 
othoiling, or generating steam, as distinguished from simmering, or merely heatiu" 
the water preparatory to hoiUng. And whUst this steam thus rises freely and unob- 
atrueted, and therefore rapidly, from the top of the box, that generated near the 
bottom or lower portion of the sides, in rising vertically upwards (which it must do 
generally), is compelled to pass between the surface of the heated iron plate and the 
water, forming a thin current or stratum, as it may be called, of steam, which by its 
constant interposition completely prevents the proper aoeesa of the water to the 
heating surface with sufficient rapidity for effective evaporation. 

A strong mustration of the above general fact is afforded by inoliaing the heated 
box a little sideways, so that one of the sides may incline a very few degrees from the 
vertical upwards, whilst the opposite side declines at the same small angle from the 
vertical downwards, when the very great difference in the amount of evaporation 
becomes strikingly apparent, the bubbles of steam, as they axe formed, rising rapidly 
from the elevated side, whilst they hang sluggishly against tbe opposite one, and 
appear only to he driven off at last by actually wevUatvr^ aud injuring the plate.* 
23;., It IS, moreover, evident that there must he a different evaporative value for 

“ conspicuous in Iho 

pp r the iron Sro-plaoe of a marine boiler. 
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every alteration of tlie angle of inclination of the generating surface ; as a variation 
of 2 or 3 degrees makes a sensible difference in the anaorint of evaporation from the 
sides, whilst any difference in the effect produced by the top is not to be perceived 
even when inclined as much as 20 or 30 degrees from the horizontal. Sufficient, 
however, for our i^resent purpose is the knowledge of the fact now generally admitted, 
that the evaporative value of the top surfaces of fire-hoxes and flues, even when 
inolmed as much as 45 degrees from the horizontal position, is to that of the vertical 
or very nearly vertical surface, as about two to one, 

22. Hence arises a very obvious and ready rule for the practical measurement of 1 

the effective surface of all kinds of flues and flre-boxes. It is as follows : When the 
area of side surface does not exceed that of the top surface in any unit of the length 
of the flue, take them together as effective surface, which agrees with the rule already 
given in respect of circular flues (Art. 10) ; but when the side surface exceeds the top 
surface, then take half of such excess, and adding it to twice the area of top surface, 
call the combined amount the effective heating surface. 

It may here be observed, that in several trials with stationary fire-box boilers, 
using coals, the evaporation produced by each sg.uare foot of effective radiant surface, 
measured in the above way, together with a proportional area of communicative 
surface, was found to be accurately equivalent to that produced by the same area of 
fire-grate and heating surface in a common waggon boiler, a corresponding consump- 
tion of fuel being required in each case. 

23. Prom the above it will appear that there is no need to make any reference to 
the area of the fire-grate in any calculation of, the power of a fire-box boiler, so long 
as an equal consumption of fuel is effected by a greater or less rate of combustion or 
otherwise. 

Agreeably, then, 'to these conclusions, we may take each square foot of effective 
radiant heating surface in the furnace of a fire-hox boiler to he sufficient for each 
horse-power when common coals and the oi’dinary draft are used. And supposing 
the normal working condition of the boiler of a locomotive, to be that in which little 
or no power is lost ‘ by the contraction of the . blast pipe,— or when the exhaustion of 
the chimney, by. the simple discbarge of the eduction steam’ causes an average draft 
through the furnace equal to that which is produced by a good chimney for a 
stationary engine, or equal to the pressure of half an inch of water,— the cases are 
sufficiently analogous to authorise us to uso the same method of computation in 
both. 

24. Equations for the heating smfface and horse-power of locomotive engine 
boilers corresponding to those already given (Arts. 7, 8) for stationary boilers are 

, as follow : 

'■ '■* '>/' dL ’ 

® also E = a VB- 



where «^=the collective diameters of all the tubes in feet; the length of the 
tubes or of the cylindrical part of the boiler in feet ; S— the effective commimicative 
heating surface of all the tubes in square yards, never being less than 1 ; E~the 
effective radiant heating surface of the fire-hox in square feet, which should not be 
less than S : where, however, E is less than S, the equation for the power E is simply 
E=cE; the co-efficient c depending on the combined effect of the blast and the 
quality of the coke, to he determined by experiment, but which in the normal state of 
the locomotive may be considered equal to unity. / ^ 

25. The problem now is to determine from some actual case the value of c when a 
locomotive is exerting its maximum effect ; for which piirpose we may take as an 



example Mr. Steplienson’s patent six- wlieeled engine, as given in tlio last edition of 
tTredgold on the Steam Engine. 

It contains 124 tnhes, each of 3 1 inch diameter and 7 feet 0 inches long. Hence 
H = (l| = ) 1*625 X 124 12 = 16*79 feet, = the collective diameters of all the 

tubes, and S == 16*79 x 7*75 -r 5*7 = 22*8 s(iuare yards, = the effective area of 
tube surface, 

The total area of the internal surface of the fire-box is 50 sq[iiare feet, the top being 
ahont lOJ and the side snrfaee SSJ ; therefore 89| — lOJ =5^ 29, is the excess of the 
side over the top surface, of which, according to the rule given in Art. 22, we take 
half =144, and adding it to twice the area of the top, we have E ===144 + (2 x lOJ) 
= 35| sguare feet for the effective radiant surface of the fire-box ; and 

P ~cV35*5 X 22*8 = 28*4(?. ^ 

17ow it appears from Mr. Stephenson’s account of this engine, that the extent of its 
power, with steam at the pressure of 50 lbs. per square inch in the boiler, was about 
77 horse-power, the boiler then evaporating 77 cubic feet of w*ater per hour by 8 lbs. 
of coke for each cubic foot. Whence c = 77 -r 28 *4 = 2 *7, which gives 

■ P-=:2*7 \/M .. 

for the horse-power of any locomotive engine boiler on this principle. 

26. We will now give practical examples of the converse of the above operation, 
by which to find the dimensions of a locomotive boiler for a given power ; and as the 
tendency for some years past has been to increased speed and higher pressure, 
consequently giving greater power under the same dimensions, we shall only 
err on the right side by adopting 3 as a round number, instead of 2*7, for 
the co-efficient in the expression for the horse-power of this engine ; whilst it is 
certain that the progress of improvement must eventually extend the value of 
c to 4, —5, or even to 6. 

Example 1,--Eequired the dimensions of the tubes and fire-box of a locomotive 
boiler of 78 horse-power ? 

The first thing is to fix upon as large a fire-grate and horizontal area of fire-box as 
the gauge of the rails will permit, which we may suppose to be the same as in the 
last example, = IO 4 square feet, which will also he the area of the top surface of the 
fire-box. How we want as many square feet of effective mclimt surface in the fire- 
box as is equal to the given power divided by the co-efficient 3, or 78 3 =26; 

and this 26 feet ( = E) must be made up as follows 

Bquarefeetof Square foot of 

effective surface. side surface. 

Double the top surface - IGJ x 2 • . . = 21 containing . . lOJ 

Half the remaining side surface to make up 26 = 5 requiring , , 10 


■ ■ 26 ■ 204' 

And the total heating surface of the fire-box will therefore consist of 204 square 
feet of side added to I 04 of top surface, = 31 square feet, of which only 26 is con- 
sidered effective. 

Then we have only to take a corresponding number of square yards (= 26) 
of effective tube surface to complete the boiler. This may be done variously ; but 
supposing it to be distributed amongst 124 tubes of If inch diameter = 16*79 feet, 

C(%fively = d ; and since S = 26 therefore L = = 8*8 

of the tubes which will regulate the length of the cylindrical 
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27. SIiouM it be considered that economy of fuel is not required to be carried to 
so great an extent as tbe length of tube found in the above example would seem to 
indicate, or that a less proportion of tube to fire-box surface than 9 to 1 is sufficient, 
.—and that for this or for any other reason the length of tube adopted in Mr. Stephen- 
son’s engine is preferred, namely, 7 feet 9 inches instead of 8 feet 9 inches, — ^we 
shall now see how mnch additional surface will be required in the fire-box, in order 
to admit of the tubes (and consequently the boiler) thus being made one foot shorter 
without any loss of power. 

2.— Required the dimensions • of the fire-box of a locomotive engine of 
78 horse-power, the length of the tubes being fixed at 7 feet 9 inches ? 

Here, as in the last example, it may be granted that the number of tubes ( =:124) 
and tbeir diameter (If inch) are also fixed, —because, in fact, they require to be 
determined from entirely different considerations, nm^Qljy WeigU md strength of tbe 
parts, subjects that could not be entered upon within the limits of this article, 
involving as they do those of collisions and explosions. 

We have «?= 16*79 feet = the collective diameters of hll the tubes, as before ; 

and S =; 1^— 7 ^..— = 22 *8' square yards, the same as in the first example, which 

5*7 

with a fire-box containing a corresponding number of square feet of effective radiant 
surface, or B = 22*8, wmuld only make the boiler equal to 22*8 x 3 = 68*4 ( = P ) 
horse-power. 

But w^e require the value of R when P = 78. 

Therefore (by Art. 24) we have P = c VR S. 

1P2 

Whence R = - = 26^ -r 22*8 — 29 *6 square feet for the effective radiant surface 

S''.' 

of the fire-box. 

Arranging this precisely in the same manner as in the last example,— 

Square feet of Square feet of 

effective surface. sidesurfaco. 

Double the top surface lOJ X 2 , » • , = 21 contaming . 10*5 

Half thejemaining side surface to make up 29*6=: 8*6 requiring * 17*2 


Hence it appears that the total area of the internal surface of the fire-box consists 
of 27*7 square feet of side surface + 10-1 of top surface, making 38 *2 square feet, of 
which only 29*6, or 77 per cent., is really effective. 

And taking the average perimeter of the radiant surface at 12 feet, it gives 27*7-f- 
12 = 2*3 feet for the effective depth of the internal fire-box. 

28. The most direct rules in words, derived from a consideration of the foregoing 
and simplified as much as possible, are as follow : — 

Mule I,-— To find the dimensions Take one-third of the given horse- 

power for the effective radiant surface in square feet, calling it R, and also one-fourth 
of R for the top surface of the fire-box : then take five times the top surface for the 
side surface, which, divided by the horizontal perimeter, gives the depth of the 
fire-box. 

Mule 2.— To find the effecim tule surface and length o/ SoiiJcr.— Take one-third of 
the given horse power for the effective communicative heating surface in square yards, 
calling it S. Multiply S by 5*7, which gives the longitudinal sectional area of all the 
tubes in square feet ; and this area, divided by the collective diameters of all the 
tubes in feet, gives the length of the tubes, and the length of the cylindrical part of 
the boiler is nearly the same. 





STOCKADE.— Socifcadfi, or Stoccadt, is tiie name given to a close Karrioads of 

timber, for in trenclimoiits or redotiMs. 
Tbe Pall of tlie New Zealanders, and 
1 1 Palanq.Tie of tbe Turks are examples 

1 1 of closed stockades : and tlie drawings 

|| ‘ to tbe article ‘Petard’ give several 

forms of construction. Tiie barricade 
may be eitlier of sctuare timber, mus- 
ket-proof, or of trees witk two sides 
smootbed off witlx an axe, to make 
them meet, having small loopholes 
cut at the junction ; and the stockade 
ought to be BO strong as to resist be- 
ing forced, except by artillery or by 
bags of gunpowder. This last mode of 
destruction may be prevented by giv- 
ing the stockade proper musketry flank 
defence. To make this species of bar- 
ricade secure, the timber should be 
sunk into the ground one-third of its 
Stockade for Intrenclimeut. whole length. 

One objection to stockades for intrenching posts and fortified places is their 
liability to destruction by artillery before they are required : this might be obviated 
in permanent works as regards the intrenchment of the re-entering ^lace of arms of 
the covert way or ravelin, or gorge of a worlCy by having narrow; ditches or dykes, 12 
or 14 inches wide and 4 feet deep, previously prepared in masonry, and covered over 
%itlL slabs nf stone until wanted. When an assault was apprehended, the timber for 
k^t on purpose in store, might be let into these crevices, and well wedpd 
+.Vi-na nf n. favv liAiirs. ftTnlamfid in the preceding 
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Hide %,.’-‘Toflnd tU horse-poio&i' of a locomotive hoiler. 
square feet of effective radiant heating surface in the fire-box by the number of 
square yards of effective communicative heating surface in the tubes (this number 
not being greater than the former nor less than 1 ), and extract the square root of 
the product: this root, multiplied by the constant number 3, will give the horse- 
power of the boiler required. 

29. Knowing the wide extension of a little practical knowledge of such matters 
amongst the great mass of our operative engineers to be of more importance than 
greater refinements of calculation confined to a fe^, the principal rules given above 
are converted to a shape suitable for the slide-rule, especially for their use ^ ^ 
should be observed, that when Hawthorn’s slide-rule is used, the slider requires to 
be reversed as follows : 

No. 1. 

A 1 Diameters of the tubes in feet = d. J 5 ’7 = constant number or gauge point. 

^^T^^fiphTof each tube in feet . -.D. f S== effective tube surface in square yards. 

. .No.'2; ' 

A I i the horse-power V, \ B= fire-b ox surf ace in square feet. 

0 j I the horse"pow^'Pri S=tube surface in square yards. 


//^ y^-^fyr/ / hi/fn Ji / z/r-////// ,//// //i>i' ■ ^/•//f/t l' //•//// • z'ff If f‘ff.1 /<•/>//.> i'\ i>i z'/ri f z t/>*t/f*‘ • 
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£ /)•] hr ..intjle i>t . 7 (////Ai- >///>■ r^vpivuni/tf s, 

C Line ijitlii'fitrii In' ihe Lxdiyn .indutiini't ’hnJcr /;. /(//////</ 7J 

/) r7777Lms //nrs a/sr markxut M}0 ’ihns Trus A', mJhnhnp fhr t,Pii jrstz^tuinz- prr 77ti. 
prd/d iJ7td T<7iJrr rhr t/ii\<r h>rtf s\ 

£ (Trrat fSn'Uun /wn/ in c z^vid Tender f'cd^^tkince wiuii nnhuule$i . lid 
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iUL Dynamometer resrstimre-Mddod mte^^ jimio^meno,nffd /HW/V i/ re,di^mnte,^. 
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STREET FIGHTING.* I 

ON THE ATTACK AND DEFENCE OP OPEN TOWN8, AND STREET I 

FIGHTING. ■ I 

Notwitlistanding tlie very frequent success attending the defence of towns or streets j 

hy armed bodies, against even considerable forces of good troops, and the tremendous 1 1 

results occasionally arising from such resistance, no attempt seems to have ever ! 

hitherto been made to analyze the actual relative power of the two parties attacking 
and defending, or to ascertain whether the advantages so often gained by the latter !; 

are precisely due to their real power, or might not be counteracted under proper prin- \ 

ciples adopted for the attack. ^ ^ ; 

In an enemy’s country the case is much simplified : a town so occupied is all inimical | 

and under the most desperate state of opposition ,* consequently in the attack there is j 

no respect to person or property. If the houses are comhustihle, a ready means of 
subduing the place is within reach ; and if not, it is forced in different directions by r' 

siege operations, as practised by the French at Saragossa. i 

On occasion of internal dissensions and insuri’ectionary movements, the case is ■ 

different; the efforts of the troops and of the well-disposed citizens are greatly I; 

impeded by the difficulty of distinguishing between friend and foe, or of the premises j 

or property with which it may he justifiable to interfere. This, and the very natural 
and proper anxiety to avoid bloodshed and injnry to one’s own countrymen, fre- 
quently leads to a habit of temporizing with the circumstances, and hy this indication ; 

of timidity and weakness gives such confidence to the rebels as to enable them, and ‘ 

perhaps with comparatively insignificant numbers, to gain in moral effect as the 
others lose : by degrees the' wavering and the timid are led to join them ; the troops 
themselves imagine that there is a declared power manifested that is not to he 
opposed, and thus the former obtain a complete ascendancy, which the exertion of 
more firmness and system at first would effectually have prevented. 

The most arduous and difficult task for a British soldier is, when he is called upon 
to oppose tumults aud insurrection. It is difficult for him and his Commanding 
Officer to know what is the extent of evil, provocation, or injury that will justify him 
in acting with vigour ; and this feeling is increased by finding women, children, and 
many me|i who do not appear to participate in the violence, mixed up with his 
opponents, until by degrees he becomes surrounded and overcome hy a mass which 
he could readily have subdued if allowed to act at the commencement ; or even if not 
subjected to so great a disaster, by this temporizing in the first instance the move- 
ment gains a great deal, the troops in force are obliged to act with deteimination, 
and a vast number of lives are lost that would have been spared by a more early exer- 
tion of energy. 

The best institutions of any country become endangered by such a state of things ; 
but a remedy may. be found in a more systematic manner of proceeding. 

The troops should never be brought into the presence of the insurrectionists until 
fully authorized to act,— the consequence would be that the very appearance of the 
soldiers would he a warning to every one of the immediate consequences of prolonged 
opposition, which would prevent further conflict, or make it very short. 


The strength and organization of the police in all large towns in England now will 
enable this principle to he adopted, while it could hardly have been done formerly. 



^ By General Sir John F. Burgoyne, Bart., G. C. B. and R. E. 
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When the magistrates find that the efforts of the police are insufficient to establish 
order, the Kiot Act should he read, and the troops then, and not till then, he brought 
into action ; they -vrould thus be aware of their authority to proceed without 
hesitation, and with decision and effect. 

In order to promote the power of yigorous action by the military, and to prevent 
the innocent from suffering, the most solemn warning should be issued in case of 
tumult, against the presence in the streets of women, children, and persons who do 
not join in the tronbles, intimating that the consequences of any bad i*esult from 
their being thus incautiously exposed must rest on themselves. These are necessary 
preliminaries to the consideration of the means of attacking an insurrectionary force. 

When disturbances are to be quelled in a town, cavalry, artillery, and infantry can 
act with full effect, and with every advantage of organization, so long as their oppo- 
nents occupy the open streets. If hanicades are constructed across them, the cavalry 
become unserviceable ; the infantry, however, have still full force,-— for one side of an 
ordinary barricade is as good as the other,— and the infantry can cross any of them 
without difficulty. 

But when, in addition to barricades, the armed populace occupy the houses, and 
fire and throw down missiles on the troops, the columns of the infantry also become 
paralyzed and comparatively helpless, and after losing many men, they have usually 
been reimlsed a discomfiture arising more from a want of system and of due 
preparation against such a defence, than from the inherent power of the insurgents. 

Should the circumstances as above described impede the operation of cavalry or 
infantry, they shonld be respectively withdrawn from the direct attack, care being 
taken that this should not give any- impression of defeat, which may be done by 
preparing the mind of the soldier, through instructions to the Officers, that such 
would be the course of proceeding. 

When it is found that the insurgents have had recourse to the most determined 
means of resistance, by occupying the interior of houses in support of barricades, the 
mode of attack must be adapted to the circumstances. 

The operation should he conducted under due deliberation, nor would any triumpli 
be conceded by a moderate pause. 

It will be readily ascertained what part or parts of the town are so occupied as to 
render the movement of the troops through the open streets unadvisable. 

An endeavour should be made to isolate those portions by detachments of troops 
posted at all the approa<ffies to them. This of itself would throw the rioters into a 
most uncomfortable and false position : they would find themselves shut up without 
any internal organization to enable them to act to any useful purpose, or to make any 
combined forcible effort for their release or, indeed, if they could do so, it would 
have all the effect of an escape instead of a victory. 

Nor would it he necessary, under such circumstances, that these detachments 
should be at all large, numbers of them being supported by some general reserve, 

Active measures, however, might at the same time he carried on against any por- 
tions of the houses that it may be considered advisable to force, for the purpose of 
confining the resistance within narrower limits, or for subduing it at once altogether 


* At Berlin, General Scbreckonstein, in answer to a deputation who came to remonstrate 
against his proceedings to oppose the popular demonstrations, is said to have stated, that he 
Wfould tell -them candidly, that in the event of tumiilt or attempt to subvert existing institu- 
tions, his plan was to withdraw every soldier from the town, invest the gates, patrol round 
the wall8,r^nt them up within, and leave them to ’enjoy the effects of their misule and mis- 
conduct; would not compromise a single life by street combat ; but if a man among 

them showed gutsido, that he might beware of the consequences. 
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and tliese sliould be conducted on engineering principles, and by Officers of Engineers 
and Sappers, where they are available. 

Although in towns the attack of a mass of houses is formidable and almost 
impracticable to troops unpre|>ared for such an operation, it will not present much 
difficulty to a systematic proceeding. 

One great defect lor defence in a house or street is its want of a flanking fire, 
although every part may obtain a support from the opposite houses in the same street. ' 
If therefore only one side of the street is occupied, individuals or parties moving 
close along that side are in security, except from the chance missiles that maybe 
blindly thrown down from the windows. 

Nothing of that kind could prevent two or three Sappers, under cover of a 
partial fire on the windows, from passing up and breaking open the doors ; by which 
means, the troops being admitted, possession of the entire building would soon be 
obfcained.f ■ ■ ■ 

When, however, from any peculiarity of the building, or of others oontiguons, or 
from the circumstance of both sides of the street being occupied in force, such a 
mode of proceeding would he too hazardous, the Sappers might make an entrance 
into the nearest available house in the same block of buildings, and, supported by 
detachments of the Line, work their way through the partition walls, from one house 
to another ; or by the roofs of the hack ;^remises, where the defenders will be quite 
unprepared to oppose them, or, if they made the attempt, would not have the same 
advantages as in front : small parties, if necessary, keeping up a fire on the windows 
from the walls of the back yards, or from the opposite houses, would effiectually cover 
these advances of the Sappers. 

To carry on such approaches, the Sappers should be provided with an assortment 
of crowbars, sledge-hammers, short ladders, and, above all, some bags of powder.* 

In these desultory operations in the defiles of streets and houses, the troops should 
not be in heavy columns, but in small detachments well supported ; and by acting 
thus in order, and on system, the effect will be the more certain, as a popular move- 
ment is, necessarily, without subordination or unity of action, and peculiaarly subject 
to panics at any proceeding differing from what had been anticipated. 

The events in Paris, in June, 1848, and the mode adopted for the attacks on 
the barricades there, by an army of acknowledged skill and prowess, would seem to 
oppose the soundness of the principles here laid down : we cannot, however, abandon 
them, but must suppose either that the Generals, under too great a contempt of their 
opponents, acted upon tlie old imieetuous sj’Stem of a direct assault, on W’hat, under 
the circumstances, wei*e well-devised and most formidable retrenchments, — from not 
taking the trouble to consider whether a more judicious professional proceeding, and 
more certain in its result, might not have been adopted, — or were impelled by other 
causes with which we are not acquainted ; for it appears almost incredible that an 
immense force of organized troops, even numerically superior to the insurrectionists, 
should have, for some days, to carry on a contest against them, with almost doubtful 
success, and attended with such prodigious losses. 


AVe are consequently, by this very example, rather the more inclined to maintain 
that in the attack of streets defended by good and well-supported barricades, it is 
most iujudicious and dangerous thus to take the hull by tbe horns. 

The defence of towns, either without fortifications, or independent of them, is 


■ Not less than 5 or 0 lbs. of powder will be required to bi’eak into strong doors well barred- 

■ ■ ■ . ■ V P 2 
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usually only undertaken by a population, or by troops essentially irregulars, in order 
to make np by numbers, and the intricacies of position, for the disadvantage of 
inferiority in arms, appointments, and organization, which renders them unequal to 
cope vrith their enemy in the open field. 

It is seldom that effective troops can be spared for this service ; bxit officers, and 
especially ofacers of Engineers, may be required to regulate such a defence. 

When an enemy’s army is in a country, it will hardly be practicable to defend 
against it with any obstinacy a town the houses of which are combustible,— the 
attempt in. such a case would be to occupy only some particularly strong public 
buildings or churches, when circumstances may shew it to be advantageous to do so, 
in order to command a bridge, or defile, or to occupy some distinct point. 

The object then, however, partakes of the nature of the defence of single posts, 
and not of streets, or of a town generally. 

When towns consist of strong-built large stone houses, with massive doors, and 
iron bars covering the lower windows, as are common in the South of Europe and 
some other countries, they are capable of great defence : traverses may be thrown 
across the streets, flanked by the houses ; all openings to the front may be substan- 
tially barricaded, loopholes prepared in tbo most appropriate situations, and commu- 
nications made through the premises in the rear for support or retreat ; care being at 
the same time taken that this general defence cannot he turned,— it is only to he 
overcome by breaching, and more or less of a siege operation. 

The strength of such a resource, however, is not limited only to that of the single 
covering above described ; but the preparations may embrace the successive defence of 
house after house, or at least be so arranged that every line penetrated shall give the 
attacking party possession only of a certain given small portion of the town, leaving 
them not only the same difficulties to overcome in front, but perhaps also a continued 
occupation on their flanks. 

This was the manner in which the Spanish forces under Palafox, in 1808 and 1 809, 
incompetent to resist in the field the superiorly organized French army, were enabled, 
combined with the population, to make such a prolonged defence in Saragossa after 
the fortifications bad been reduced. 

A striking instance of tbo advantages that may be derived from the preparation of 
houses in streets in such towns, is afforded in the defence of Tarifa by the British in 
December, 1811. A week or ten days were sufficient for the French to lodge them- 
selves within a few hundred yards of the place, and to open a practicable breach 
in the old wall, which was the only cover. During that time, however, the late 
Lieut.-General Sir 0. F, Smith, then Commanding Engineer, was enabled rapidly to 
form an interior hold or intrenchment by barricading the streets, closing all accessible 
openings of the houses to the front, and preparing loopholes in the most advantageous 
places, so that be could state emphatically that the place was then stronger Uian 
before it was breached ; and his confidence w^as proved to be so far well judged, that 
the storming parties were completely repulsed, and the siege raised. 

These, however, are the proceedings of regular troops, conducted under all the 
principles of the Art of War : the considerations for the attack and defence are essen- 
tially to be founded on those which regulate sieges and the defence of fortresses. 

Lodgments must be made, and the further progress w’ill be^ effected by the mine 
and other operations, which it is not the intention to describe in this article. 

•V ! There is, however, a consideration to be given to the necessity for the defence of 
within them, arising from the effects of popular tumults or insur- 
recU(hM^ ]^V!ements, totally distinct from the above. 

■^ery htave heeu produced from such affairs, which, notwithstanding 
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tlieir importance, have, in many instances, it is submitted, been, conducted with great 
want of judgment. 

It becomes, therefore, a subject of interest to consider wbat principles can be 
applied to proceedings of this nature. 

It is not tbe part of any officer of Her Majesty’s Service to offer suggestions or 
instructions that would guide insurrectionists as to the best mode of occupying and 
making use of streets and bouses to resist the constituted authorities. 

We pass, therefore, in our consideration of the subject of defence, to the objects for 
which a government will itself require protection from mobs or insurgents. 

These will consist of the public offices, palaces, and great leading establishments, 
liable to attack, either for the purpose of embarrassing the government or for plunder 
as well as any particular posts of defensive military importance, such as bridges, or 
other points aifording the command of great communications. 

The leading principles to he adopted for the protection of these premises will be,— 

I. To insulate them, or such masses of them as are to be held, as much as possible 
from connection with other buildings. 

Where this cannot be entirely accomplished, means must be prepared for securing 
an entry, and for turning the rebels at once out of such adjoining buildings as they 
may attempt to occupy for the purpose of annoyance, and if they afford any 
advantages, to connect them with the defence of the main buildings. 

Premises that are not absolutely contiguous may present windows or roofs capable 
of greatly annoying tlie defence : means must be especially prepared, if possible, for 
driving out any adverse force that might occupy them ; but if that cannot be done, 
in consequence of the diffi.oulty of penetrating through the intervening space, or from 
any other reason, the prepared cover and protection must be adapted to reduce that 
inconvenience as much as possible. 

II. Block up substantially all accessible openings from the streets that may not be 
immediately required, and apply musket-proof doors to those that must be maintained 
available ; and if there may be a selection, let these be in parts where the approach 
to them is most exposed to fire from the building. 

III. All windows within tolerably easy reach of the ground to be secured by strong 
fixed iron bars or gratings. 

lY. Wherever tbe parties within are required to be stationed for the defence, they 
should be covered by some substance to act as a breastwork, that will resist musket- 
shot, having merely loopholes before them for their own use. 

This cover will only require to be to a height of 5 feet 10 inches or 6 feet above the 
floor on which they stand, consequently hardly so high as the top of the lower sash of 
an oi'dinary window. 

Where this may not have been prepared, and it is necessary to resort to a hasty 
defence, the upper door of the building may be occupied, loopholing the floors, and 
barricading the staircase with chairs, tables, &c. At the sortie of the French at 
Bayonne, in 1819, a Captain Foster with a few men occupied the upper floor of 
a house at the advanced post, and defended themselves against repeated attacks 
until the sortie was Over, when they were relieved. 

Even a blind or curtain drawn before a window is of service, as the assailants 
cannot see when there is any one behind it, by which to be guided when and where 
to direct their fire, while those within can take their shots from time to time, and 
instantly retire. 

On the floors also, above the level of the streets, even without preparation, men 
will not be seen from the street when a little retired from the window, from which 
they can fire in a stooping posture, and then drop behind the window-sill. 
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V. Obtain as mucli as possible on every side a defence by a /cwi/jmy fire. Qlliis is 
of tbe greatest importance— one loopliole that a line may be worth twenty 
direct from it. 

To an assailant it is the most discouraging opposition that can be afforded j every 
spot being seen from the flanks, there is less nncertainty and liability to false alai‘ms 
as to the operation of the attack, the fire will be deliherate, thus economizing tbe 
ammunition, and finally much fewer men might effectually defend premises so 
prepared. 

Hanks are more particularly necessary to command the entrances than for other 
parts, or, as a substitute, a machicoulis is the next best precaution. 

It is to be observed that where it may not he practicable to establish more than 
even a single loophole, the fire from it may be constant, and very heavy, by applying 
to it several men and muskets. 

Yi. A perfectly free, light,' ample, and secure communication should be established 
all through the premises that are under one arrangement within the enclosure, so 
that every post cau be visited, reinforced, or supplied with anything needful. 

This requires little or no consideration in the case of an ordinary single building, 
but will need preparation in extensive premises consisting of a complicated mass of 
buildings, with perhaps open courts, out-houses, &e. 

VII. If the establishment to be protected is within si, citj, and surrounded by 
streets and houses, it will be a primary consideration how it is to he relieved or with« 
drawn, or how it maybe practicable to secure communication with it when neces- 
sary ; for posts may he exceedingly strong for self-defence, and yet be in danger of 
being isolated and cut off by a formidable insurrection. 

This was the source of the principal amount of disaster at Buenos Ayres, in the 
year 1807; the British troGjos obtained possession of tbe different strong buildings 
thought necessary, in which they could defend themselves well; but the natives 
having occupied the adjoining buildings and streets, these troops could neither retire 
nor obtain support, and were consequently obliged to surrender. 

VIII. The nature of the roofs must be considered, for it may be possible by them 
to obtain many advantages : 

1. As situations for defence, giving great command, and flanking points. 

2. Also they may afford means of offence by a ready and easy way for penetrating 
into adjoining buildings. 

3. For lines of communication. 

To render them capable, however, of these services, the parapet walls must he high 
enough to cover the men behind them. 

The roofs may also require attention from the circumstance of their presenting a 
direction from whence an attack may l)e made on the garrison. 


General Ohservaiions and Arrangements, 

The best precautions the premises will afford must be taken against their catching 
fire : a free communication and constant observation, with tubs or even jugs of water 
about the house, will most probably afford means, by very early application, for extin- 
guishing any symptoms that might appear. 

' Besides the posts allotted to the respective parts for defence, there will, of course, 
he a reserve selected from the best of the garrison to reinforce or support any point ; 
and should the enclosure be penetrated, the entrance would be only by a narrow 
oiwg, or defile, where this reserve would be able to attack the assailants to great 


Attempts vHE haaddly be made to enter the premises by any other eourso than the 
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doors or any very low and accessible windows 5 it is therefore to them that tbe prin- 
ciple resources for obstrncfcion and defence will naturally be applied. On this account 
even a short preparation may afford a considerable power of resistance. 

Bars and struts may be applied that will render it very difficult to force them by 
ordinary means. 

If not rifle-ball proof,* wbicb they never are, except where expressly made to bo 
so for defence, the defenders may fire direct tbrougb them at persons attempting to 
force an entrance ; and this wonid have the greater effect, as it would, no doubt, be 
unexpected. 

■ Whenever a party have to shut themselves up for protection, it is most desiiable 
that they should have plenty of provisions for the most extreme emergency that can 
arrive, so as not to require to open a communication to the exterior solely to obtain 
food, or to be without it for a single meal. A few hags of biscuit and some salt meat 
afford the most perfect resource, hut fresh bread and meat will suffice for most ordi- 
nary occasions. 

Whatever provision, however, may be made for food, it is indispensable to provide 
plenty of water to drink. 

A very important precaution is, not to waste cmwiiinilion ; let the use of it be con- 
fined to what is really and absolutely required, and let it be applied only where it can 
be effective. 

Many a detachment or post has been driven to the greatest extremities for want of 
this precaution, and even when the inconvenience has arisen from a clearly thought- 
less during the early qmrts of the contest. 

With regard to the general comprehensive arrangements for the protection of 
public establishments in a city, and for overcoming insurrection, it should he borne 
in mind that regular troops are most favourably circumstanced when enabled to act 
in masses and in the open field, and consequently have relatively the least advantage 
when shut up in separate detachments and posts,— and more particularly when those 
posts are within towns. Under the circumstances we are contemplating, they must 
he very much so distributed, hut it should he in as little a degree as possible, con- 
sistent with the security that it is absolutely necessary to give to the different 
situations. 

Thus as many irregulars as possible, public servants, and well-disposed inhabitants, 
&c. , should be armed and organized : these may be very effective behind the walls, if 
supported by a small detachment of the troops. 

The regular forces should be reduced in proportion to the less value of the premises, 
or the comparative improhahility of their being attacked ; and, above all, no dis- 
persion of the troops and means should be made among buildings within a town 
either for the sake of obtaining cover, or under the idea of having generally a force 
in each locality. 

The best course is to occupy only the points that are absolutely necessary, either 
on account of their own value, or for some military advantage; to engage in them 
the smallest number of troops that is consistent with prudence, and to have all the 
rest of the regular forces collected round the skh-ts of the town, or even at any distance 
within about a mile, and well prepared for penetrating in any direction, and in par- 
ticular to maintain a certain oommunxcatlon with each of the occupied posts. 


Great advantage may frequently be obtained by studying the situations of the public 



* To afford i-iflo-proof cover under close fire will require a thickness of C inches of solid oak, 
15 iuchos of deal, between 3-lOtlis and i inch of Iwmogmuov.s iron plate, or from 1*2 to 15 inches 
of eai-tli in sand-bags in proportion as it is loose or very compact and solid.— 
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and other premises requiring protection, with a view, as much as possible, of combining 
several into one system, by establishing free and secure mutual communication with 
each other, and from one common centre of reserve. 

When so connected, it may be possible, in addition to other advantages, to cover 
openings for timely sorties by the defenders on the flanks of the assailants. 

Howmver improbable may be the chance of the attack of public premises, it will be 
advisable not to lose sight of any of the above measures of precaution and arrangement 
that can be adopted without inconvenience to the accommodation, disfiguring the 
architecture, or bearing the appearance of apprehension. 

If attended to, everything required might be easily applied in the first construction, 
and very much even subsequently. — J. F. B. 
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TRIGONOMETRICAL SURVEY. 


By this term is understood a survey founded on a regular system of triangulation, 
whether the object of it may be the accurate topographical delineation of a county, 
province, kingdom, or of any extensive portion of the earth’s surface, or the more 
philosophic purpose of determining the lengths of arcs of great circles of the earth in 
various latitudes, from which the figure of the earth itself may be deduced. 

Grand trigonometrical suiweys have, since the vast importance of accurate maps in 
forwarding practical sciences has become acknowledged, been undertaken in India, 
America, and almost all the principal nations of Europe ; but tbough the principle of 
all such surreys, whatever may be their comparative magnitude, must be the same, 
the details of execution will necessarily vary with the circumstances of the country 
to be surveyed. In this article some of the apparatus and arrangements hitherto 
adopted, especially in the Survey of the United Kingdom, will be described j but it 
must be left to the Engineer to select the particular system he may think best suited 
to the survey he is called upon to effect, and to adopt, modify, or alter the apparatus 
to suit the special circumstances. In all such works he will readily perceive that the 
extent of accuracy which the operation requmes must materially influence him in the 
selection both of mstruments and of system, 

BeUdion of ground for a hascy and first consider ations . — The ground selected 
should be as nearly level as possible. The soil should be firm. The extremities of 
the base should command a view of as many accessible elevated points as are necessary 
for the extension of the survey. 

The ends of the base ought to be marked in a very accurate and permanent manner, 
which is best effected by letting into a block of stone set firmly either in the earth, or 
in masonry, a metal wire, on the upper surface of which the precise point may be 
marked by a puncture or dot, of fineness commensurate with the accuracy of the 
measurement. Old guns may be fixed vertically, to mark by the axes of their bores 
the ends of a base. Wooden pipes are objectionable, because they decay in the ground. 
Precautions to secure the marks from disturbaruce should not be neglected, nor the 
means of readily detecting such disturbance, should it have taken place. 

A transit instrument, or a superior theodolite, will be necessary for ari’anging all 
the points of the base in one right line. 

Spirit-levels are required to regulate the heights of the ends of the measuring 
' ' ' ’ By Lieut. -Col. Ilamlcy, Royal Engineora. 
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Tents for tlie protection of stores and slielter of tlie party should be provided, 

A portable canopy for the measuring apparatus is desirable, (See Sketch, Plate 11. , 
from Plate IX. in Colonel Tolland’s Account of Lough Foyle Base.) 

Carpenters’ and intrenching tools, as also earth-rammers and mallets, will probably 
be required. 

The party employed should be proportioned to the magnitude and importance of the 
operation. As a guide, the following return of the strength of the party employed 
on the Lough Foyle Base is supplied. This base is nearly eight miles long. The 
number of Officers of Engineers was at fi.rst four, afterwards five. 


Ileiumofthe Effective Strength of the Party employed in the Measurement of the 
Base Line on the Shore of Lough Poyle, exclusive of Officers. 


Date. 

Itoyal Sappers and Miners, 

Eoyal ArtiUery. 

Total No. of 
Military. 

■i 

1 

Hi 

'S 

p 

General Total. 

"S 

oS 

m 

Corporals. 

Buglers. 

Privates, f 

Total. 

Serjeants. 

Corporals. 

Bomliar- 

diers. 

Buglers. 
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Total. 

1827. 
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Oct. 16 
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2 
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21 

27 
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June 27 
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14 


14 

July 4 
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28 

36 
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8 
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12 

18 

26 


26 

Aug. 31 

1 
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8 
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7 

15 
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16 

Sept. 30 

2 
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20 

28 

37 
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40 

Oct. 31 
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10 : 



8 


21 

29 

39 


39 

Xov. 30 

2 

2 


4 

8 : 



5 


13 

18 

26 




Measurement of a 6asc.-~This has boon efiected in various ways, all giving results 
not far from the truth, but some manifestly liable to error in a greater degree than 
others. Rods of seasoned deal will vary perceptibly in size according to the state of 
the air. Glass tubes, besides being liable to alter their length according to the tem- 
pei’ature, are extremely troublesome to adjust so that confidence may be felt in tbe 
result. Steel chains cannot be equally supported at all points, and when stretched by 
a weight are liable to alter their length, especially with the varying tension consequent 
on difference of temperature. And the compensating apparatus is superior only when 
the bars composing it are at exactly the same temperature, and have been, by suitable 
coatings or surfaces, rendered proportionally (with respect to each other) susceptible in 
all temperatures. 

The errors consequent on change of length by temperature in any ordinary mea- 
suring apparatus, such as glass rods or chains, are of course removed by pi’operly 
applied corrections ; but in the compensating bars the correction is a mechanical 
one, and to be satisfied of its perfect action, the coincident temperature of the 
bars should be as carefully observed as in the other cases, to deduce the amount of 
correction. 

The compensating bars may be considered the most accurate, the glass rods and 
steel chains about equal as regards accuracy, and the deal rods the least accurate. 
Yet as, in certain situations, and for certain objects, dispatch and economy may 
demand as much regard as extreme accuracy, an officer will judge from the following 
comparison how nearly he may hope to approach the truth with deal rods, glass rods, 
or the steel chain. 


I 

I 
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TLe length of the base on Hounslow Heath, as found 

Feet. 

By deal rods '*> . . . 27,405*7607 

By glass rods . . . . 27,403*38 

By the steel chain . . . 27,402*38 


the extreme diteence being 3 feet 4 inches in a distance of rather more than five 
miles, ■ ■ - ■ 

In nsing rods of deal or glass, care must be taken— 1st, that they are trussed 
laterally and vertically; 2ndly, that they are laid always in the same right line, 
whether it be in a horizontal plane or the hypothennse of a right-angled triangle ; 
Srdly, that whether they are brought together by contact of the ends or by coinci- 
dence effected by placing them side by side, so that two fine transverse lines on either 
rod may be in one straight line, the junction is equal in all cases ; and 4thly, that the 
temperature of the rods at every stage of the measurement is registered ; so that the 
total number of lengths may be reduced to one standard temperature. 

In using a steel chain, the same care as to contact is necessary, as is also precaution 
against flexure. The chain must he stretched always by the same power, and that 
power must be so proportioned to its strength that there shall he no danger of the 
length being increased. The temperature must he noted in this case also. 

"With the compensating bars, as used in the British Survey, neither contact nor 
comcidence could be adopted, connection being effected by intervening microscopes ; 
and the precautions to he most insisted on are, that each pair of bars should be quite 
horizontal, and that the measuring points should be always iu one vertical plane. 

The deal rods used in England were 20 feet long, 2 inches deep, and inch broad ; 
the ends were tipped with bell-metal. The method of measuring by coincidences of 
the transverse lines was thought more accurate than that by butting the ends one 
against the other; but it was found so troublesome in practice, that, after a few 
lengths had been measured, it was abandoned, and the other mode adopted. The 
ground on which they were used not being level, it was divided into several parts, 
and each xmrt represented the base of a right'angled triangle, the perpendicular of 
which was a vertical line. The lines actually measured were the hypothenuses of 
these triangles (each 30 rods long), and their bases, whose sum made up the base of 
the survey, were found by computation, the height of the perpendiculars having been 
ascertained by the spirit-level. The rods were supported on trestles from 2 to 3 feet 
above the ground : a plumb-line marked the extremity of each day’s work. The 
plummet vibrated in a brass cup of water placed in a hole in the ground ; it was 
fenced round for the night, and a watchman guarded the ground till operations were 
resumed. 

The steel chain was 100 feet long, each link a parallelopiped, half an inch square, 
and 2-^ feet long ; there were, therefore, 40 links. In measuring, it was placed on 
coffers, which were supported by posts driven into the ground. A weight of 56 lbs. 
at one end, and a screw at the other, stretched and adjusted the chain. A moveable 
scale, supported on a post, but entirely independent of the rest of the apparatus, was 
made to mark accurately the end of each 100 feet measured, and the commencement 
of the 100 feet about to he measured, so that one chain was sufficient for the work. 
Nevertheless, as the end of a 100-feet chain might sometimes fall in a ditch or other 
iiTegular ground, a second chain of 50 feet long, and laid off from the same standard 
as the 1'00-feet chain, was kept ready for such a contingency. 


The expansiem of a foot of the glass tube and of a foot of the steel for every degree 
of the thermometer was ascertained by a microscopic pyrometer. 



S-gEVEYING^* 


679 


I 


i 


I 




The componsatmg bars iised in. Ireland measured eaolx a distance of exactly 
10 feet between the compensating points. Tbe following will explain tbeir con* 
struction'^ : — 

‘‘ Let (L al, I V j be two bars of brass and iron joined together at their centres by a 
steel bar, ^ Q'j but free to expand from and contract towards tbeir centres, inde* 
pendently of each other ; a w, a! 'nf, are flat steel tongues at the extremities of these 
bars, moving freely on conical brass pivots, allowing them to be inclined at small 
angles with the lines perpendicular to ct a', 6 V. (Fig, 1, Plate III. Lough Foyle 
Base.) * 

“At the temperature of 62® Fahrenheit, the bars are assumed to be precisely of 
the same length, and the tongues consequently at right angles to a a', h V, 

“ Imagine these bars to receive an increase of temperature and length, and, from 
the inequality in their expansions, the brass to become c Vy rnd the iron c? dV the 
position of the tongues now being od nj c' d' n'f it will then he apparent that if the 
points 9^' he so determined that 

a c : h d ; : a n ; l>%y 

exnansion distance of the distance of the 

Expansion of the brass : comj)ensated : compensated 

point from the brass point from the iron, 

the positions of the points n n' can only vary within very narrow limits for any 
differences of temperature arising from atmospheric changes.” 

In arranging these bars for measurement, triple microscopes, also constructed on a 
compensating principle, measured an equal interval between the points of every two 
adjacent pairs of bars, and thus all danger of disturbance by contacts was avoided. 

The following are the reductions and reduced lengths of General Boy’s base, 
measured with glass rods ; — 

■' Feet ■: 

Ilypothenusal length of the base as measured by 1869*925521 glass 
rods of 20 feet each -j- 4*31 feet, being the distance between the last 
rod and the centre of the north-west pipe . . . . . 27,402*8204 

Beduction of the hypothenuses to be subtracted . . . . . 0*0714 

Apparent length of the base reduced to level of south-east extremity . 27,402*7490 
Add the difference between the expansion of the glass above, and con- 
traction of it below, 62® . . . . . , . . 0*3489 

Add also the equation for 6° difference of temperature of the standard 
brass scale and the glass rods, between 62° and 68°, the tempera- 
ture at which the rods were laid off . . . . . . 0*9864 

Length of the base, in temperature 62°, reduced to the level of the 
lower extremity . . . , . . . * . . 27,404*0843 

Beduction from the height of the lower end of the base above the 
mean level of the sea, supposed to be 54 feet 0*0706 

True length of the base reduced to the mean level of the sea . , 27,404*0137+ 

A base may be tested by dividir^ it into two parts and using one part as a 
base from which the other part may be found trigonometrically. After being 
tested in this way, a base may be prolonged by the same means with the greatest 
'.accuracy. ■ ' ' 


* See also page 599. 

t The length of the base, as found by tho glass rods, differs from that given in page 5T8, 
because it is there reduced to tho standard from which the steel chain was laid off. 
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THs metlaod of throwing out perpendiculars at the end of a measured line, and 
then extending it thus hy triangulation in successively 
augmenting lengths, has been adopted hy preference in 
some cases to an actual measurement, and wherever 5 

it is only possible to secure a very small portion of I 

good ground, it deserves such preference. It was 

adopted in the Irish survey in order to extend the /tV / 

measured base to a favourable point for observation, / \ , /* 

over a tract of sand-hills. By such an arrangement \/ 

very great care may be bestowed on the measurement / 

of a small base, without incurring the great expense V / 

of a more protracted measurement, and for minor 

surveys, therefore, it is a most valuable method. 

Grand Triangulation — Mevations and Depressions—Olservatmis of the Pole-Btar. 

It has always been a maxim in England, among those who have conducted our 
grand trigonometrical operations, that reductions in the office should be avoided hy 
every means that science and art afford for perfecting the field operations. The 
time and lahour expended hy us in the field are therefore considerable; but it is 
hoped that the precision of our measurements and observations is considerable also. 
The circle of repetition, so generally used hy the French, has not been adopted by 
our engineers ; and our instruments are less portable and less expeditious, but 
capable of being accurately adjusted to the plane of the horizon, and .the vertical 
plane, and of being placed exactly over the station. The principle of these instru- 
ments is of the same nature as that of the theodolite in general use ; hut their form and 
construction are peculiar, and designed to secure the utmost precision. The largest, 
or Bam sden’s great theodolites, made for the Boyal Society and for the Ordnance, 
have a horizontal circle of three feet diameter, connected by strong radii with a 
hollow conical axis two feet high, which is a socket for an interior axis rising from 
the base of the instrument. The exterior axis carries two arms for the support of a 
powerful telescope. The reading is effected hy means of microscopes which are 
attached to the base of the instrument. Their number was originally two, placed 
at 180® interval ; but it has been increased to four in the Ordnance Survey instru- 
ment, the additional microscopes being so placed that, together with one of the 
original microscopes, they divide the circle into three equal pjarts or into divisions 
of 120®, and it has been customary to record the mean of the two opposite micro- 
scopes marked A B, but to use for the calculations the mean of the three a 0 n only ; * 
the object being the more effectual correction of errors from eccentricity. In the 


* On the azimuth circle of the large theodolite used on the triangu- 
lation of the Ordnance Survey, the original verniers were only at the 
two opposite points a and b, the mean of the readings at which was, 
of course, always taken. Subsequently, the verniers at c and d were 
added, each of them equidistant 120“ from a, and also from each 
other. It has since been sometimes the custom, first to take the 
mean of a and b, and afterwards the mean of a c and n, and to con- 
sider the mean between these two valuations as the true reading of 
the ai^le : this method has, however, been objected to as being in- 
correct in principle, an undue importance being given to the reading 
of the vernier a, and also in a smaller degree to b. The iniluonco 
assigned to e^h vernier is, in fact as follows : — a . 5 ; b . 3 ; c and x>, 
2 each, A theodolite of the same size and construction has since 
been made fotir equidistant voniiers.— •CJuiZme of the Method of 
conducting a ^rvey. By Colonel FromCf E.E. 
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instrument belonging to tbe Eoyal Society four additional microscopes were placed, 

BO that tbe circle is divided by them into six equal parts or divisions of 60 degree's ; 
and tbe mean of tbe six is then taken as including in itself each case of correction. 

The microscopes are micrometers, tbe minutes being shewn by a divided scale, and 
tbe seconds by a graduated circular rim attached to the screw-bead, which moves 
the bisecting wire of the microscope. It is of course necessary, before Commencing 
observations, to adjust the zero of the scale and that of the micrometer screw-head to 
each other, and also to adjust the several microscopes to each other ; which is readily 
done by causing the bisecting wire of anyone microscope when over the zero of the 
scale (the index of the graduated micrometer rim being also at zero) to bisect a dot 
of the circle, say O’-eO'-iao”, or any other, and then cavefuUy adjusting every 
other microscope to the dot corresponding to its relative position. _ ,. . . 

The vertical circle is fitted to the transverse axis of the telescope, and its divisions 

read by a microscope on an index fixed to the arms which support the telescope. The 
telescope can be inverted in its supports or Y’s. Tbe parts of the instapient are 
capable of the most dehcate adjustment, and no skill nor expense has been spared 
that could contribute to their efSoiency. , , 

Each instrument, when not in use, can be enclosed in a wooden case, qnd travels 

in a spring waggon constructed to receive it and its stores. Itis carried by hand,_ on 

a cradle, up hills impracticable for wheeled vehicles, and hoisted by mechamcal 

power to the tops of buildings. _ ... . 

An instrument 18 inches in diameter, and of a construction similar to that of the 
three-feet instrument, has been used in situations to which the greater instruments 

cannot be conveyed, . /« xt. j. 

An altitnde and azimuth instrument, differing in oonstruotion from the great 
theodolite of Eamsden, was made by Me,ssrs. Troughton and Simms for the Survey ot 
Ireland. The horizontal oirolo of this instrument is two feet in diameter, and fixed, 
whilst the reading microscopes are moveable, being attached to arms projeCtmg from 
the moving axis ; whereas in Eamsden’s theodolite the mierosoopes are fixed and the 
divided circle is moveable. In Eamsden’s instruments the brass cone to which the 
circle is attached, as well as the apparatus for carrying the Y s of the telescope, 
moves round a long vertical steel axis, sc that the telescope cannot be reversed wi h- 
out being lifted out of the Y’s i in Troughton’ s the axis is very short, and the 
telescope is supported by pillars rising from the axis, so that it can he reversed 
without removal. This important difference of principle, whilst it facilitates the 
application of the instrument to the determination ot vertical angles.^readers the 
preservation of its level uncertain ; and although it has beeu^ so modified as to give 
L skilful hands, results equal to those of the three-feet theodolit^ it m stiE considered 

an instrument of very difiioult use. It : was fornished originaliy with a repeating- 

Xn Eoud’s construction. It may he stated that in Colonel 

neither of these instruments is equal to the requiremeute andi 

soienoe-an opinion shared by at least one of his predecessors, who had a ong 

experience of the use of the three-feet theodolite ; and it is to he hoped 

an opportunity will he afforded during the progress of the suivey to Colonel 

to bring forward an improved construction, so that the British su^ey may teke the 

lead in the instrument for measuring angles, as it has done in the apparatus for 

T™nJ^4ose circles are divided from Ono 860" am, much 

to be preferred to those whose circles are divided from 0° bo* ways to 180 . ^ ^ 

In aU situations where the instrument may be set up, the following are rules to 
strictly attended to : 
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1. TKat the "centre of the instrument he placed vertically over the centre of the 
station, "so that the two centres may be in the same vertical line. 

2, That the instrument be insulated from all parts of the observatory. 

o. That the footing of the instrument be perfectly secure and constant. 

On buildings, or artificial stations, these effects must be secured by means adapted 
to the particular circumstances of each case ; but on open or natural stations the 
instrument must he supported on wooden posts, firmly tied together, and either 
resting on a rock, or driven into a substratum not liable to transmit vibrations from 
any lateral shock. The frame- work and floor of the observatory must be entirely 
separated from the supports of the instrument,* so that the latter may be perfectly 
insulated, and secured from the influence of the vibrations of the floor. In rock the 
transmission of vibrations is so very imperfect, that, though the supports of the floor 
and those of the instrument are kept distinct, they may all rest upon the rock ; but 
in soft ground it would be frequently necessary to sink a shaft in order to secure a 
non-vibratory stratum for the support of the instrument, the observatory resting on 
the natural surface. 

The portable observatories are furnished with strong guy-ropes to support them in 
the exposed situations where they are commonly set up. 

A party of ten or twelve men accompanies the instrument ; and these must 
be accommodated in tents or portable huts, and carry a camp equipage sufficient for 
their wants at remote and exposed stations. Plate I, is a sketch of an encampment. 

In any series of ohservations the telescope should be always directed on the objects 
by the same person ; and each microscope should be read by the same person, 
because of the difference in men’s visions. 

At every observatory station, an object near at hand, and likely to be visible in all 
states of the atmosphere, should he selected as a referring point, and observed in each 
series of observations. Between two successive sets of observations the position o^ 
the horizontal circle should be changed, so that the bearings of the several objects 
should be read on different parts of the circle, and errors of division be, as much as 
possible, neutralized. It is not necessary tos set the zero of the circle to any one 
object, nor to adjust it to the index of tbe vernier or zero of the microscope ; as the 
observation, in every set, of the referring point, enables the bearings of all other 
objects to be referred to it as a zero point, by the subtraction from the respective 
bearings of an angular quantity, namely, the bearing of that referring point in that 
particular series. 

It is proper also to invert the telescope in its Y’s occasionally, so that the successive 
series may be taken with the telescope in the one or in the other position, alternately, — 
as well to compensate for errors of colllmatlou as to guard against an unequal wear 
of the axis. 

A long series, including principal stations and minor objects, is liable to interrup- 
tion or vitiation by sudden or partial atmospheric changes, or by the instrument 
falling out of level. On the other hand, the general accuracy of the whole work is 
advanced by having as large a number of points as possible observed under the same 
circumstances, which can hardly be the case if they are observed in different series ,* 
as the parts of the circle on which the bearings are read, the temperature, and state 
of the atmosphere, will probably be changed, and there may he a different observer. 

An officer must therefore he guided in the arrangement of his series of observations 
by the time at his disposal for the completion of the station, considered in connection 
with the season of the year and the prevailing weather. 

* See article ^ Observatory/ vol. ii. 
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The nearer stations will be often visible wlaen the more remote are hidden by 
vapoxirs, therefore the observations to the former will exceed in number those to the 
latter. It will be hereafter seen how the number of observations to any two objects 
affects the value of the contained angle for calculation. 

Any principal station ought to be observed not less than three times from any one 
station of the instrument. 

The depressions and elevations are found by setting the telescope horizontal by its 
level, and at the same time adjusting the index so that it shall read zero ; or, if it be 
preferred, the exact reading of the index, when the telescope is level, maybe registered, 
and the error, if any, allowed for. Then by directing the telescope on the base or 
some appointed part of the object, the angle contained between it and the plane of 
the horizon is measured on the vertical circle, and read by the microscope at the 
index. ■ ■ 

It has been the custom to measure first the horizontal bearing of an object, and 
afterwards its elevation or depression. 

To find the direction of the meridian at any station, the angles contained between 
any fixed terrestrial object and the greatest apparent eastern and westera elongations 
of the pole or other circninpolar star may be obsexwed. The mean of these ohser^ra- 
tions is the angle contained between the pole and that object. The most convenient 
object from which to measure the direction of the meridian will he the referring 
object before mentioned. 

As some of the observations have to he effected by night, it is necessary on such 
occasions to illumiaate the wires of the telescope and also the referring object. To 
admit of the illumination of the wires, the transverse axis of the telescope is made 
hollow, and has an elliptical illuminator in the centre ; its end is covered with glass, 
BO that the light of a lamp placed for that purpose on a stand enters and is thrown 
on the wires. The referring object can he easily constructed so as to have a lamp 
fitted to it for nocturnal observations. The times of the greatest elongations of the 
pole-star * must be calculated from astronomical data, and the observer must ascertain 
the right momeixt by means of a chronometer or good watch. 

The true meridian may also be determined by observing Polaris or some other 
convenient star frequently when near its maximum elongation, in successive hearings, 
the times of observation being accurately noted, and then by calculation deducing 
the true bearing of the star when on its meridian. With the repeating circle this is 
the necessary arrangement. These methods are intended to secure a degree of 
accuracy in the azimuths corresponding to that obtained in the distances between 
objects ; as without such accuracy latitudes and longitudes could not he determined 
gcodetieally with sufficient precision. For more ordinary purposes, when the object 
is merely to determine with a moderate approach to accuracy the variation of the 
needle, or place the meridian on a map or plan, equal altitudes of the sun may be 
used.t'„ 

All observations should be recorded in ink ; and if the observer have any reason to 
doubt the accuracy of an observed bearing or series of bearings, he should record his 
opinion at the time. 

The date, name of the observer, and state of the atmosphere, should be recorded 
with every series. 

Corrections in the record-book should be made by scoring out with the pen the 



^ This, of course, is not applicable in Southern latitudes.— 

t Allowance being made for the sun’s change of declination during the interval Equal 
altitudes of a star require no such correction.— 
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incorrect word or figure, and writing tlie correct one over it. Erasures with a knife 
should never be permitted. 

The accuracy of the results of triangulation must mainly depend on the care with 
which the stations for observation are preserved and identified, and on the stability 
secured for the instrument. When the points for observation have been selected 
they should be marked with an accuracy corresponding to that expected in the 
observations from and to them. In treating of the measurement of a base, the more 
delicate modes of marking the centre of a station have been pointed out, but it bas 
been usually considered sufficient to mark tbe centres of ordinary stations bj^ a 
j umper-hole in the rock or in a large stone buried about two feet under the surface. 
On the British Survey the object to be observed is either a pole or a staff, the lower 
portion of which is surrounded by a conical pile of sods or of stones, or the simple 
pile itself. In either case, the strict verticality of the object must be carefully insured. 
During the earlier years of the Survey a pole was placed in every pile, to assist the 
eye in the bisection ; but of late years it has been considered sufficient to build 
carefully the pile concentric with the station, as the pole was thought to take the 
wind and draw out of the perpendicular, and tend to shake down the pile. On the 
hills of Scotland it would have cost some labour and expense to convey poles to tbe 
hill-tops, and in the lower grounds the peasantry are tempted to destroy the pile for 
the purpose of appropriating the wood. The piles vary in height according to 
the distance from which they are to be observed, from 12 to 18 feet, with a diameter 
of base sufficient to give stability. The poles or staves have varied from 24 to 30 feet. 
When a building is the point to be observed, some definite and readily recognizable 
part should be selected, and if there be none such, a pole or other object should be 
raised upon or fixed to it, as the observation of the apparent centres of large buildings 
is a very rude process and leads to much inaccuracy. In addition to these ordinary 
modes of marking stations, which will, of course, be modified by every ingenious 
Engineer so as to meet the requirements and resources of the country he may be in, 
it is frequently necessary to use more refined methods of exhibiting to a distant 
observer the point to be observed, and this more especially in countries where a hazy 
or misty condition of the atmosphere prevails. A. tin cone or sphere has been 
observed as a very brilliant object, but as it exhibits varying phases it is objectionable ; 
and this objection applies even to stone piles when not provided with central poles, 
as they are often partially and brightly illumined, and are then liable to be observed 
incorrectly, the apparent not being the true centre. Metallic plates have been fixed 
to a pole and arranged in angles corresponding to the varying altitudes of the sun; 
but this, though an ingenious, is a very troublesome, method of insuring a reflection 
of light in a definite direction. The Drummond light, or the intense light evolved by 
lime when brought to a state of high ignition by the action of the oxy-hydrogen blow- 
pipe, was used once on the Irish Survey ; and judging from its brilliancy on that 
occasion, it cannot be doubted that for any particular and very distant object where 
a night signal is desirable, the Drummond light may be used with effect and for any 
distance ; but tbe skill and attention necessary to prepare the oxygen gas and to 
watch over the lamp and reflection- will prevent its use on lofty mountains or in 
ordinary circumstances. The Heliostat, or Heliotrope, is the instrument which, from 
tbe facility of its application, has been most approved by modern Greodesists. There 
are several forms of this instrument, such as that of Gaus, used on the continent, and 
iffiat of the late Captain Drummond, used on the British Survey. The object of such 
instruments is to insure the reflection of the sun’s rays in some definite direction by 
a mirror,, the. movement of which is adjusted to the motion of the sun. In Gaus’s 
Heliotrope the mirror is small, and when the observer looks through a telescope 
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I whicb forms part of the instrument, at the station to which the reflection is to be 

I made, he sees (if he has rightly adjusted the instrument) a reflected image of the sun 

before him, and knows that its rays are then reflected from the mirror in the right 
direetion. In the original Heliostat of Captain Drummond also there was a tolerably 
good telescope for determining the line of direction; and the mirror, which varied in 
size from 8 to 12 inches square, was adjusted by machinery connected with a small 
telescope, with which the observer followed the motions of the sun. This, though 
ingenious in construction, was troublesome in use, and was replaced by a very simple 
arrangement, also devised by Captain Drummond. The line of direction being first 
determined approximately and then marked by means of a small theodolite or other 
instrument on the ground, a small brass ring is placed about 50 or 60 feet in front of 
the mirror, being adjusted as to height to the degree of depression or elevation which 
may he required. The operation is now perfectly simple, as the person in charge of 
the Heliostat merely moves the mirror horizontally and vertically until he observes 
the ring before him illumined by the rays reflected from its surface, as it is then mani- 
fest that the reflection is made in the required direction. As this very simple 
arrangement has been found effectual with distances exceeding 100 miles, it appears 
to require no further recommendation for the greater distances, and as small circular 
mirroi’S of 4 inches diameter are amply sufficient for distances of 30 or 40 miles, they 
can he readily applied in low situations, where it is often extremely difficult to discern 
an opaque object. In the Survey of Ireland they were extensively applied in this 
manner, being packed in a leathern case slung over the back of a soldier who went 
from one station to another, and thus enabled the observer at a station to include 
in his observations many of those difficult minor objects in the low country around 
him which would perhaps, without this aid, have baSled his efforts to see them, 
A common mechanic may construct one of these simple heliostats, and they may 
therefore be applied under almost any circumstances, as was done by Mr. M ‘Clear at 
the Cape, who used a simple cbamher looking-glass fixed in by swivels to a double 
■ ■ frame. „ 

When the instrument leaves a station, the posts on which its feet rested are left in 
the ground, as well as the centre stone. Tbe description of each station, with its 
distances from permanent objects, should be recorded at the time of its selection, to 
prevent the possibility of its being lost. 

' It is most desirable that, in the grand triangulation, all three angles of each triangle 

As a guide in the selection of stations, it should he remembered that the conditions 
i which afford the greatest pi’ohability of the smallest errors are these : 

' 1st. That the angle opposite to the measured side he less than a right angle ; and 

2ndly, That the angles adjacent to that side be nearly equal. These conditions will 
be best fulfilled, on the average of a series, by making the triangle as nearly as 

( possible equilateral. 

will not reqiiire a lengthened notice, as it is simply 
the breaking up of the grand triangulation into smaller triangles, and these again 
into still smaller triangles having sides not exceeding two miles in length, and is 
founded on the same principles. The angles are taken with instruments of 12, 10, 
and 7 inches diameter. The stations are marked either with small piles of earth or 
J stone, or by poles. The minor stations being necessarily in fields, villages, gardens, 

&c,, where they are liable to be disturbed or defaced, it is desirable that a district 
I should he speedily completed, and the detail sinwey commenced as soon as the 

i distances can be computed. Therefore many instruments should be simultaneously 

i employed at this secondary triangulation, 

von. irr, Q Q 
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It is not always necessary to erect an observatory ; but to shelter the instruments 
and observer when an observatory is dispensed with, one of the assistants carries a 
large chaise umbrella, or any other description of simple screen. 

Sector Obsermtions, — For purposes to be hereafter mentioned, it is requisite to 
measure the zenith distances of known stars at certain of the trigonometrical stations. 
Tins is effected with an instrument called the ‘ Zenith Sector : ’ it is of various con- 
structions, which it is not necessary here to detail, but the general principle is as 
follows. Two strong bars or pillars are joined at one point only, which is the 
centre of the instrument. One of them is immoveable and vertical, the other has a 
motion in a vertical plane round the centre, limited according to the lengths of the 
arcs to be measured*. The moveable bar carries a telescope, to be directed on the 
object whose zenith distance is reqnii-ed. The angle contained between the vertical 
line through the centre of the instrument and the axis of the telescope directed on 
the star is the zenith distance, which must be measured on the arc of a metal circle 
attached to either the fixed or the moveable pillar. 

The construction of the sector now in use on the Ordnance Survey is quite new. 
The vertical bar is furnished Avith two concentric graduated arcs, one above and one 
below the centre, and the axis of motion of the telescope is at the middle of its 
length. At the eye end, cast in the same piece with the tube of the telescope, one 
on either side of it, and looking towards the lower arc, are two microscopes, and the 
same at the field end. The mean of four readings is thei'sfore obtainable for the 
bearing of the axis of the telescope as shewn on the arcs. The whole instrument 
can he suddenly turned round 180° in azimuth by means of a stop ; and it must be 
so turned between every pair of obseiwations of the same star. It stands in a sort of 
tray, in which are strong screws for adjusting it in the plane of the meridian j and 
the vertical bar has three levels behind it : a clamp and tangent screw arrest and 
regulate the motion of the telescope, and a micrometer wire in the focus of the 
telescope is moveable by a screw over the field. 

Suppose the instrument set up and adjusted to the plane of the meridian, and that 
it is intended to measure the zenith distance of a star; two persons must take part 
in the operation. The direction of the star when on the meridian being approxi- 
mately known, the telescope is set accordingly, and clamped before the time of 
culmination, and the four microscopes read off and registered, as also the inclination, 
if any, of the levels. Then when the star appears on the field of the glass, it is 
bisected w’ith the micrometer wire before it quite reaches the meridian, and the time 
noted : thus the bearing of the line from the eye of the observer through the wire to 
the star is already registered. The instrument is then reversed by the stop, and 
the levels again read by one person, while the other again bisects the star, but this 
time with the tangent screw, the micrometer wire remaining as at the first observa- 
tion ; and the time is again noted. The four microscopes are then read again ; 
and the difference of the two readings is, of course, double the zenith distance of the 
■ star." . . ■■■ ' , . 

Computation of Distances, Altitudes, Latitudes, and Longitudes. — The mean value 
of each of the angles of a triangle having been found from the observation book, their 
sum ought, strictly speaking, to equal 180° + the spherical excess. To compute the 
spherical excess, d* Let A, B, 0 denote the angles of a spherical triangle, r the radius 
,.Qf the sphere expressed in feet, w =? 3'14159 the ratio of the circumference to the 


* To shelter, instruments and also ob^orvcrs from tlie wsatlier, poriaHo observatories are 
used, as described in the article * Observatory, Portable.’ — Editor, 
t Buie by Mr. Airy, Astronomer Boyal, 
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diameter, and S the nixmher of square feet in the surface or area of the triangle ; 
then, by trigonometry, 

^ A + B + 0-180'^, 

■ ^ S = T-xTo — — rTT. , , ^ , 


S X 180" 


Uet E denote the spherical excess = A + B + 0 — 180°, then E ia 

S x 648000" 

degrees, or E = -- — expressed in seconds. 

In any triangle which can be measured on the surface of the earth, S is very small 
in comparison of and therefore E is a very small quantity. (In practice it seldom 
exceeds four or five seconds, though in some of the large triangles observed in tbe west 
of Scotland, whose sides exceed 100 miles, it amounted to thirty or forty seconds.) 
Hence an approximate value of S will enable us to compute E with sufficient pre- 
cision. For this purpose, therefore, the triangle may be regarded as a plane one ; and 
on denoting by ct, 5, c, the number of feet in the sides respectively opposite to A, B, 0, 
we shall have for the area, S = 4 a h sin. 0. Substituting this in the formula for the 
spherical excess, we get, in seconds, 

aSsin. 0 X 648000 

, ^ 2r2 TT • ' *■: Wv 

In order to compute the spherical excess of any triangle, it is necessary to know 
the value of r, the radius of curvature of the spherical surface. Now, the curvature 
of the arc joining any two stations on a spheroid varies with the latitiides of the 
stations, and also with the direction of the arc in question in respect of the meridian ; 
hut for the present purpose it will, in general, he sufficient to assume the value of r, 
which corresponds to the curvature of the meridian at the mean latitude of the 
stations, and even to suppose it constant for a whole series of triangles oontained 
between two parallels of latitude not distant more than a few degrees. If, however, 
the triangles are very large, it may be necessary to compute more accurately ; and in 
such cases the nearest approximation to the true spherical excess will he found by 
computing, for the mean latitude of the three stations, the curvature of the meridian 
and of the circle perpendicular to the meridian, ^ 

and taking the mean of the two for tbe value 
of r ; or, which is nearly the same thing, by /V 
computing the radius of the vertical circle / \ \ 

which cuts the meridian at- an angle of 45° at / \ \ 

that mean latitude. / \ n { 

To find the radius of the meridian. r iviV I 

Let A li P he the arc of the meridian passing V \ . / 

through the station L, A 0 the semi-diameter of V ^ y 

the equator, 0 P the semi-axis, L M the normal x. 

at L, meeting P 0 produced in N. Assume a = 

CP, 5 = AO, and e=the ellipticity, or such 

that 6 — a (1 + e), and let I be the latitude of L, and R the radius of curvature of 
the meridian at L ; then 

— c + Sesin.s^:) . . . , . (2). 

Next, let E' he the radius of curvature of the arc perpendicular to the meridian at L; 
then R' = L N, the normal extended to its intersection with the polar axis. Now 
let w = L M, the normal at L ; then, by conic sections, "R' :n : ; whence 

R' = (1 c)2 n. But = ct (1 — e cos.- 1 ) ; therefore, rejecting terms containing the 
square of e, as insignificant, we find 

IV = a (1 + c + e sm.2 Z) . . . 


(3). 

Qq2 
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To find the curvatux’e of the obliq.iie circle, let r be the radias of curvature at the 
point L of a section of the sphei'oid containing L IST, and ^'making with the meridian 
angle = 0 ; we have the following expression found by Euler : 

R sin* 2 0 4 . R' cos. 2 0 * 

This last expression may be put under a form more convenient for calculation. 
Dividing both terms by R', substituting! — sin.' 0 for cos.2 0, and converting the 
I'esult into a series, all the terms of which after the second may be neglected, we get 

i*=R(l+^ — gp-sm.20) , . . . .(4). 

Since in any circle the length of a degree is proportional to the radius (it is found 
by dividing the radius by tbe constant number 57*21)578), if we make M = tbe length 
in feet of a degree of the meridian at L, P = tlie length of a degree of the perpendi- 
cular are, and D — the degree of an arc which makes with the meridian an angle = 0, 
we shall have also 

D = M (1 +-^— sin.2 0) . ... . (5), 

which is the expression usually given, and hy means of which the length of the 
oblique degree is found in terms of the degrees of the meridian and perpendicular. 

Having computed the spherical excess E from approximate values of the lengths of 
the sides (obtained by supposing tbe ti-iangle a plane one), tbe sum of the three 
observed angles should be == 180® + E. But as every observation is attended with 
some degree of uncertainty, the probability is infinitely small that the sum will be 
precisely equal to this quantity in any case. The difference (which in general will 
amount to some seconds) is the error of the observed angles ; and the next question 
to be considered is, how should the error be apportioned among tbe three angles, so 
that the probability of the result being true may be greater than if any other mode 
were adopted ? If no reason exists for supposing that one angle has been determined 
more accurately than another, the error should, of course, be equally divided among 
the three angles ; but in practice this is seldom the case, for it will usually happen 
that one or other of the angles has been determined by a greater number of observa- 
tions, or by observations made under more favourable circumstances than the others, 
and consequently the three determinations are not affected with the same probable 
errors. In tbe earlier period of tbe Ordnance Survey, the apportionment of the 
error appears to have been made in a manner entirely arbitrary, or at least according 
to tbe observer’s judgment of the relative goodness of the observations ; but this 
objectionable pi’actice is now abandoned, and a uniform method, founded on the 
theory of chances, adopted. Suppose several observations to have been made of the 
same angle, and that the seconds of reading are I, l'\ &c., and let tii be tbe average 
or arithmetical mean of the whole ; then m — m — m— V' ^ &o., are the errors of 
the individual observations, and the weight of the determination, or of the average m, 
is equal to the square of the number of observations divided by twice the sum of the 
squares of the errors. In this manner the weight is found for each angle, and the 
error of the triangle, that is, the difference between tbe sum of the three angles (each 
being the average of the observed values) and 180° + E, is divided into three parts 
respectively proportioned to the reciprocal of the weights, which parts form the cor- 
rections to be added to or subtracted from tbe angles to which they respectively 
correspond. We have then three corrected spherical angles, the sura of which is 
exactly 18^' ^ B,* 

* The text from iiie asterisk in page 586 to this is extracted from the article ‘ Trigono- 
metrical Survey,' in the Encyclopsedia Metropolitana, by the Astronomer Royal. 
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Having got thus far, let ns pause to consider an 
example of what has been laid down, taken from 
the records of the Ordnance Survey. 

In the triangle a:, y, — x is the well-known hill, 
Ben Lomond, in Stirlingshire ; y, Cairns Muir on 
Beugh, in Kirkcudbright 5 and 2 , Knocklayd, in the 
county Antrim, Ireland. The side z has been 
found, by previous computation, 852,037*62 feet; 
and the angles as observed are 


(1st time 56° 43' 

< 2nd time 56 43 

( 3rd time 56 43 

Once only 79 * 42 
(1st time 43 34 

I 2nd time 43 34 

Sum of all the angles 


29"-97 ) 

27 ’04k56° 

28 •72) 

28 *69 79 
38 *361 _ 
35 -43 

180 


The spherical excess must now be computed by the rule already given, as follows : 

Having the three angles and one side (it being remembered that for this purpose 
we calculate only approximately and consider the triangle a plane one) we obtain, by 
ordinary trigonometrical formula, ^ 

£)3 = 426,960*0 feet, y = 502,470*0 feet. 

The mean latitude of the triangle is 55° 40', which will be represented by i in the 
before-given formulae (2, 3, and 4), and the quantities a and e are assumed from 
astronomical data. 

a = half the polar axis = 20, 852, 394feet, 

■ ' '■ 'i; ' • 

a “ 301-020 -‘003322. V 

Hence hy formulae 2, 3, and 4, 

R=: 20,924,824, K = 20,968,900, and r = 20,946,814. 

Having thus the value of r, we may apply formula 1, which, using logarithms, 
becomes 

Log, E = log. X ■¥ log. y 1- log. sin. z + 0*37116 
= 1*54108. So that 
E = 34"'760. 

Deducting this quantity from the sum of the three angles as found above, viz., 
180° 0' 34" *16, we have the remainder 179° 59' 59" *40, which falls short of 180° hy 
0"*60, which is therefore the error of the triangle. 

To apportion this error by the rule already given,— the angle a? has been three 
times observed, and its mean value is 56° 43' 28" *58 ; deducting each observation 
from this mean, we get the sevei'al errors + 1*39, — 1*54, + 0*14, and their squares 
1*9321, 2*3716, and 0*196: the sum of the squares = 4 *3233. Then the square of 
the number of observations divided by twice the square of the sum of the errors 
= 9 +- 8*6466 — 1*041, the weight, the reciprocal of which is *961* 

The angle y is but once observed, and the weight is assumed as *1, the reciprocal 
of which is 10. 

Pi’oceeding with the angle z as with the angle x, we get its weight = *4660, and 
the reciprocal thereof 2*146. 

We must now divide the error (0"*60) of the triangle in the proportion of the 
reciprocals of the weights ; and thus the error of x becomes + 0''*04, of y, + 0"*46, 
and of 2 , + O'^'IO ; and the corrected angles become 
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a;= 56° 4S' 2S'^'62 

2/ = 79 42 29 '15 

2 = 43 34 36 -99 

andtlieir sum ISO 0 34 *76, that is to say 180° + E. 

Having now the three corrected spherical angles and one spherical side, Ave may 
compute the remaining sides by three diiBferent methods, \lz. 

1. By the formulae for spherical trigonometry. 

2. By finding the chord of the given side or arc, and deducing from the spherical 
angles the angles formed by the chords ; then computing the two unknown chords 
by plane trigonometry, and converting them into parts of the circle. 

8. By Legendre’s method, which is as follows : From each of the angles (corrected 
as above) of the triangle deduct |rd of the sjjherical excess ; then the sines of the 
angles so diminished will be proportional to the lengths of the opposite sides (arcs, 
not chords). 

The second method was for a long time used in the calculations of the Ordnance 
Survey; bnt it has of late been superseded by Legendre’s simpler method. Let us 
proceed with our example accordingly. 

One-third of the spherical excess we soon find to be 11"*586, which, deducted from 
each of the corrected angles, leaves 

a; - J E = 56° 43' 17"'04 
2/~|E = 79 42 17*56 
»-4E = 43 34 25 *40 


The side ^ already known = 850,057*62, and with ‘these data, by tbe proportion of 
the sides to the sines of their opposite angles, we get 
aj = 426,974-06 feet, 
y = 502,504-42 feet. 

and the triangle is solved. 

When the heights of stations are required with extreme accuracy^ there is no less 
laborious method than that of ascertaining them with, reference to a datum point 
by means of the spirit-level, because the amount of refraction at any given time and 
place is so uncertain, that results obtained through angles of elevation or depression 
will be only approximations to the truth. Many reasons may, however, make it de- 
sirable to obtain these approximations, and the following is the method. 

At present it is the practice to take depressions and elevations to the base of the 
pile, otherwise a correction would have been necessary for the height to which the 
telescope was directed above the station. But as the centre of the instrument must 
always be, from its consti-uction, four or five feet above the station, a reduction to the 
centre is unavoidable. The reciprocal angles from any two stations A and B having 
been thus reduced by the common rule, and the distance A B being known from 
the triangulation in feet and seconds, we estimate the refraction by the following 
formula : 

Let d ~ the observed depression at cs, 

dJ =■ ,, ,} ,, 6 , 

C = arc A B in seconds, 
r = the mean refraction, 

,, ^ = the difference of altitude between A and B in seconds, 

= same difference in feet ; 

^ (Jive® books on tho application of trigonometry to the finding of heights and 

distances. * ' ■ ' '■ 
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then r = IlG — + c2')} 

^ = 4 0 - (c^ + r) 

<p' = A B (in feet) X (p sin. V'. 

If one of the stations is elevated, then d or cV, as it may he, must he taken negatively. 

Before the latitudes and longitudes of the stations can he computed from the geo- 
detical observations, it is necessary that the latitude of at least one station, and the 
inclmation to the meridian of one side, should he determined by astronomical means. 
These obtained, the following rule given by the Astronomer Royal, and now extracted 
from Colonel Tolland’s (R.E,) account of the measurement cf the Lough Boyle base, 

suffices to find the latitudes, longitudes, and azimuths for a series of stations. 

Let P he the pole of a fictitious sphere, A P and B P^the co- 
latitudes ofthe two stations, B 5 an arc of a great circle perpen- 
dicular to the meridian A P, B an arc of parallel, A B the 
distance in feet between the two stations, and P A B the azimuthal 
hearing at A of the station B ; then the several steps of the 
formulje are : 

1st. Convert A B into seconds of arc, using any a]}^roximate 
rndkis f" then solve A B as a spherical triangle right-angled at 
5, by spherical trigonometry) having the side A B and the angle 
at A given. 

2nd. Apply the arc A h so found, with the proper sign, to the 
co-latitude of the station A, for the resulting co-latitude of the 
point 5. 

3rd. Solve the triangle P6B right-angled at A, hy spherical 
trigonometry, having P h and h B given, from which will result 
the co-latitude P B of the station B or and the difference of 
longitude = the angle APB on the fictitious sphere. 

4fch. Take the difference A 6 expressed in seconds, in the latitudes of the stations 
A and B or and convert it into feet by the approximate radius previously used, 
and then convert the distance in feet so found into seconds of the earth’s surface on 
the meridian, f which will give the true difference of latitude between those two points 
on the assumed figure of the earth. 



* Colonel Yolland remarks, “ It was found that the nonnal, or radius of curvature pcrpexi- 
dicular to the meridian for the latitude of the given station, must be used in the determination 
of that of the second station, and the noimal for the latitude of the second in the determina- 
tion of that of the third, and so on, instead of using any cqjpvoxiriiate racUics, It was also seen 
that, in addition to obtaining accurate results, the calculations might be materially abridged 
by using the normal, as it then became unnecessary to convert tbe difference of longitude on 
the assumed or fictitious sphere, to the corresponding difference on the spheroid, in conse- 
quence of the difference of the logarithms of the normals of the stations A and B on the 
spheroid being nearly identical with the difference of the logarithms of the cosines of the 
latitude of B on the fictitious sphere and on the sph 0 r 9 id, and hence that the angle P, as found 
ill the third step, gave at once the difference of longitude, without working out the length of 
the arc of parallel B Zq ; thus saving the labour of taking out all the logarithms and natural 
numbers required for the fifth stop of the process, which, when great accuracy is required, is 
a most tedious and troublesome computation. But this step cannot be omitted if any other 
approxiiiiate radius be substituted instead of tbe normal for the latitude of the station A.’^ 
t The length of the radius, in any circle, is equal to the length of 6T '2957795 degrees mea- 
sured on the circumference of that circle ; hence the radius of curvature bolng known, the 
length of the degree can bo found. It will facilitate computations if before commencing them 
Tables bo prepared of the Arithmetical Complements of the Logarithms of the number of feet 
in a second— 1st, on the meridian ; 2nd, on the peiqioudicular chclo ; and 3rd, on the circle 
inclined 45® to the meridian— for every 10' of latitude within the compass of the Survey. 
Tables of this kind have been computed at the Ordnance Map Office, for the latitude, s in Great 
Britain and Ireland. 
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5th. Then compute B in seconds=P x sin. 5P, and convert this value into feet 
with the assumed approximate radius, and again into seconds of longitude, by using 
the spheroidal radius of parallel for the latitude of B or 6^ ; in other words, convert 
the length of B 5^ from feet to seconds of longitude, by dividing by the radius of 
curvature perpendicular to the meridian for the latitude of B x the cos. of the latitude 
of Bx sin. 1", 

Cos. P A ~ P B 


6th. 


„ PAB+PBA 
Tang. — s 


: 2 ■ 

Cos. P A + PB * 


Cot. 


APB 
2 » 


2 


from which P AB-f PB A are obtained, and by subtracting the given angle, P A B> 

the requmed azimuth of the first station at the second is found=PB A. 


It is in the Terification of the results obtained by the above formulae that the zenith 
distances obtained by the sector are used. 

When the length of an arc of a great circle is to be measured on the earth’s sur- 
face, the amplitude ol the celestial arc of meridian is obtained by means of the sector . 
The line selected for the terrestrial measurement should be such as to give no cause 
to apprehend inaccuracy through irregular local attraction. A series of principal tri- 
angles is carried along the line so selected, and it is advisable to verify the work by 
measuring as a base a side of one of the terminal triangles. The triangles having been 
computed, and the beai-ing of their sides from the meridian or its parallel being known, 
the distances on the meridian may be found by right-angled spherical trigonometry, 

and the sum of these distances is the | J of the required meridional arc. 

I IXLtS^SUlS J * 

|,^j| ^ similar process, the length of the arc of a great circle perpendicular to the 

|| Jnay be obtained, and fi-om it the length of the degree of longitude at any 

l|| latitude on the measured arc.* 


I n computatimi of distances for the detail survey from the seGondary triangu- 

|! ^cUion . — If the grand triangulation have been properly executed, the sides of the 

Mi friaiigles will form so many checks on the minor distances to be computed from 

the secondary triangulation, that the risk of error will be very small indeed j and, 
should an error occur, it cannot cause more inaccuracy than the misplacement of one 
or two points. In theory, the rules which have been mentioned as applied for the 
computation of the greater triangles are equally applicable to that of the less j but as 
the distances become shorter, it will be found that the necessity for taking into con- 
sideration the figure of the earth becomes less apparent, and when the triangles at 
length become very small, the spherical excess is scarcely appreciable, and they may 
be solved by plane trigonometry. The apportionment of the error of observation 
among the three angles should, howevei*, always be made according to the rule above 
; gi^en, whether the triangles be large or small. 

; 6oz^wc?wnes.--~-Before commencing the detail 

survey of a district, it is necessary to ascertain and shew on a skeleton map the exact 
I ^ of such public boundaries as are to be delineated on the finished plan, in order 

I . that the person in charge of the surveying party may take care that all parts of it, 

[ whether indicated by easily recognisable objects, such as hedges, walls, streams, &:c., 

j following a line undefined on the ground, shall he precisely surveyed, and that the 

j correctness of the map shall not afterwards be disputed. 

j - perambulator should be instructed by a person well acquainted with the 


’ih.e degree of longitude is found by multiplying the dogvcu of the nerpou- 

dicular circle by m Cosine of the latitud 



STTHYEYING. 


593 



boundary to be noted ; anf this person should be appointed by the local authorities, 
or delegated by the persons most interested in the just definition of the boundary ; 
and when there are conflicting interests separated by the boundary, each interest 
ought to be represented by one or more persons. 

The perambulation is commenced at some remarkable or well-defined point ; and 
a series of straight lines passing as near as possible to the actual boundary and 
parallel to its general direction, measured with the chain, and offsets taken from them 
to all the curves and angles of the boundary. When a trigonometrical station, or 
some remarkable object sure to be accurately fixed, is within reasonable distance of 
the chained lines, it is expedient to take an offset to it. 

The boundary remark-book is kept much in the same manner as an ordinary content 
field-book. The names of proprietors on either side of the houndary are shown in it, 
and remarks setting forth all customary or legal rights touching the ground over which 
it runs should be entered. These remarks should be full and precise. 

In general, county or parish maps can he procured, from which to construct the 
skeleton map, and in such eases only the measurement should be conducted as above 
described. But where no moderately good map is available, the perambulator must 
traverse tbe boundary with the theodolite; and the skeleton map will be made 
entirely from his work. 

When there is a disagreement as to the right direction of the boundary line, 
which disagreement cannot he adjusted on the ground by the umpires or meresmen, 
the perambulator will ascertain the lines according to each claim, and note them in 
his book ; and he will, further, draw up a report of the claims and arguments on both 
sides, and of the names of such witnesses as can speak to the matter, in order that 
the proper survey officer may — if he shall fail in inducing the parties interested to 
bring their differences to issue — be enabled to collect information whereby to decide 
the fair line for the purposes of the survey. 

The skeleton map exhibits simply the line of boundary, and the objects distant a 
few feet on each side of it. The ordinary distances and notes from the boundary 
remark-book are shewn on it by figures and abbreviations, and particular remarks are 
either written on some part of tbe map near to the portions of boundary to which 
they refer, or detailed on a separate paper, and referred to their proper positions by a 
mark or letter. The scale for these maps, as used on the Ordnance Survey of Great 
Britain (it is found very convenient), is 12 chains to the inch. 

Detail Surmy . — On entering on the survey of a district, the superintendent of 
surveyors is supplied with a rough diagram of the points fixed by the secondary 
triangulation (but shewing no distances nor angles), and with the boundary sketch (or 
skeleton) maps belonging to his work. 

He arranges his triangles for survey with a view to local convenience, taking care, 
however, that their angles are not extremely obtuse nor acute, and that their sides 
are not very much disproportioned. Having done this, he allots a triangle to each 
surveyor of his party. The surveyors in any two adjacent triangles aiTange between 
them which shall measure their common line. Each then proceeds to measure the 
sides of his triangle, and then divides and measures the interior by such lines as 
are best calculated for obtaining quickly and accurately the detail within it. For 
the scale of six inches to a mile, on which the maps of the Ordnance Survey are 
now drawn, no sketching whatever is allowed, neither is the direction of any line 
allowed to depend on an angular bearing, but every line is adequately checked by 
other lines. 

It was for a long time the practice to level the sides of the triangles, then to chain 
to the “surface of the ground, and reduce the meastired length to the horizon. But of 
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late it Has been found equally correct and more expedltiius to dispense with the 
levelling, and to cause tbe surveyor to stretob bis cbain always, as near as be can 
judge, parallel to the plane of tbe borizon; and tben to find, by a plummet let fall 
from any of its divisions, the distance on tbe inclined surface. Thus the field-book 
requires no correction. 

A chain’s length should be laid off from a standard at some convenient place where 
the party assemble before going to work, and every chain tried, and corrected, if 
necessary, in the morning before it is used^ The adjustments of the theodolites and 
levels should, in like manner, be tested every day before they are used. 

Every surveyor dates his day’s work in the field-book, and at some convenient spot 
on every page collects the total length of lines and offsets contained in it. The 
amount is carried over and added to that of the next page, and so on, to the end of 
the day’s work. 

All erasures in the field-book with a knife are forbidden. 

hTo work is allowed to be entered in pencil. 

For the six-inch to a mile scale no offset may amount to a chain in length, and for 
other scales the limitation shouki be proportional. 

The average daily progress of a good surveyor in England, surveying forth? six-inch 
to a mile scale, is— 


With one Ohain-man, 


Close large village . . , . . . . 

about 5 acres. 

Tillages and surrounding fields, &c. . , . . . 

„ 14 


Close country, gentlemen’s houses and demesnes, &c. 

„ 20 

}> 

Medium country, ordinary fields, and scattered farms . , 
Open moorland, with roads, streams, boundaries, car- 

80 to 32 


tracks, &c. (ITo fields.) ♦ . . . 

55 

>> 


Traverse surveying, and the determination of distances by the small instruments, 
are never I'esorted to when the triangular and actual measurement can, possibly be 
applied. 

The system here described can be carried out in the survey of a large town. The 
directions of all the lines are ascertained by an instrument, and marked on the walls 
and pavements for the guidance of the surveyor. This should be done by the non- 
commissioned ofi&cer in charge or some trustworthy person. Where the direct line 
is impracticable, the surveyor measures on a parallel line. If to be laid down on a 
large scale, such a survey will require very great care. Liverpool was surveyed in this 
way for the scale of five feet to the mile. Different officers may prefer different 
modes. Manchester, for instance, was divided into blocks of houses, so that the 
bounding lines of each block might fall in a street or alley, and thus be com- 
paratively convenient to measure. 


The division of the survey into sheets or plans and the means of preserving coincidence 
of the common lines*'— A.% a boundary line for a plan or division of tbe map, a series 
of sides of secondary triangles is preferable to a townland or parish boundary ; 
because any two sheets have thus for their common boundary straight lines, and 
moreover, the extremities of these lines are trigonometrical points, which can he laid 
down with ecjual exactness on both sheets. The detail of the country on the two 
sides of these common lines will thus be plotted either by different persons or at 
different times ; and to insure exact coincidence of all the points, the line, with a 
small extent of the detail on one side of it, is first traced from one of the plans, and 
the i^ace is then applied to the same line on the other plan j if any disagreement be 
percseived^ ,eause is immediately sought for in the field-books and plotting, and 
adjusted. Supposing the common line_ to separate not only two plans, but likewise 



V 


STJEVEYING. 


595 


I tlie work of two different officers, stationed in different places, the trace with the 

I work of one of them shewn, say in hlue, may easily he transmitted to the other, who 

I will trace his side in red or some other colour *. the smallest difference thns becomes 

' apparent. The arrangement here described has reference only to the of 

the maps ; of course when tliey are lorinted, it will be on sheets containing each an 
equalnrea.'.,:' 

The sem*ck after namesj and deiernmiation of their ortliogra]>hj. — 'According to 
the scale of the map, it must be determined, before beginning to draw, of what objects 
it will be practicable, consistently with a due regard to clearness, to insert the 
n^^ An uniform rule must of course be followed throughout the work. The 
perambulators and suryeyors should be ordered to collect as many local names as they 
can without hindrance to their other duties, and to forward with their field-books a 
list of the names and a brief description of the spaces or objects to which they belong. 
These lists seiwe as guides to the persons sent expressly to ascertain correct names 
and orthographies. Land-owners, clergymen, and such other persons as from pro- 
fessional opportunities or antiquarian or local knowledge are competent to give 
opinions on these points, will be requested to write and sign what they consider 
necessary touching the orthography, derivation, and application of names. From 
records such as these, a choice of the mode of spelling will, in most instances, be easily 
made ; but in some cases it will be necessary to refer to men who have studied the 
ancient and provincial dialects of the districts in which the names occur.’*’ Besides 
the objects which belong to the present age, it is highly desirable to shew, on 
a general map, remains and sites, also battle-fields, — spots where interesting events 
have occurred, &c. 

The plotting of distances^ and detail onpa^er. — The trigonometrical points should 
be laid down on the sheet to be plotted, by a non-commissioned officer or superior 
draftsman, who will see that each point is in its exact position with relation to all 
the other points on the sheet. The plotting will need very little description, as so far 
from being more difficult than in ordinary surveys, it will be found, by reason of the 
trigonometrical system according to which the survey is made, the easiest possible. 
There is no need of the protractor — all the lines fit into their places and check each 
othei*, and the detail is laid down very simply. 

The plotter should be required to bring to the notice of the superintendent all 
errors in the field-book, and all eases where the surveyor has departed from the 
regulations, in the too great lengths of his offsets, in not sufficiently checking his lines, 
i in making erasures in his book with a knife, &c. 

' The examination on the ground, — After the detail of a plan has been plotted in 

■ pencil, it is traced off in portions convenient for a sketching portfolio, and given to 
field sketchers, or examiners, to be taken to the field and rigorously examined, and, 
if necessary, corrected. The examiner should always have a chain and offset-staff 

; with him. He, besides ascertaining the accuracy of the trace, shews on it the detail 

i in its proper characters, and gives full information to the draftsman, who is to pen in 

: and ornament the plan. 

The drawing^ lettering^ and like the plotting, are operations 

; so well understood, that it is unnecessary to say much here concerning them, except 

as regards the system, according to which, in extensive operations, they ought to be 

■ regulated. The features of the ground, on the Ordnance Map, used till very lately 

* The writer would lay stress on the propriety of employing, for the collection of ortho- 
< graphics, men fitted by education and intelligence for the duty : the attempt to do the work 

' mechanicall^f by employing illiterate persons guided by fixed rules, will bo found very unsatis- 

j factory, and, in the eird, far from economical. 
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to be sbewa by portraiture on tbe ^igbt and shade ’ principlej very skilfully executed 
and giving the maps a beautiful appearance. This mode has, bo-wever, now been 
changed for the exhibition of the levels, by means of horizontal contours at 25 feet 
vertical intervals—a style less appreciable by the eye, but having the advantage of 
giving the accurate altitudes and slopes of the country, whereby the practicability, or 
proper direction of roads, canals, railways, &c., may be readily decided on • and thus 
forming a most important and valuable aid in the projection of public works. Certain 
symbols (see ‘ Topographical Hieroglyphics,’ vol i. part 2) should be adopted for the 
representation of objects of frequent occurrence. The systematic use of the different 
print hands, in the names, may be made a means of indicating to some extent the 
nature of the object. Thus the names of counties, ridings, hundreds, parishes, town- 
ships, &c., should be written always in uniform characters; churches, gentlemeris 
seats, demesnes, antiquities, works of art, &c., the same ; and ranges of hills, Single 
features, &c., each kind in appropriate type. The ornamenting should he arranged 
with a similar view ; and roads, woods, sands, ravines, parks, pleasure-grounds, &c., 
be all uniformly represented. 

is already described in vol. i., and Levelling in vol. ii. 

The computatiorb of areas. — ^When the areas of the public divisions of a country are 
required from a trigonometrical survey, it will be advisable to ascertain them in two 
different ways-— first, by computing the areas of the triangles whose sides most nearly 
coincide with the areas of such divisions, and adding or deducting the irregular 
figures which maybe interposed between the boundary and the sides of tbe recti- 
linear figures. This computation ought to be made in duplicate ; and, to prevent the 
risk of collusion, it is better that the two persons who make it do not reside in the 
same town. Their computations can afterwards he compared, step by step, and 
disagreements be investigated and adjusted. The other way is by measuring with a 
computing scale or other instrument the different areas on the plan or map. This 
mode is of course less accurate than the former, but it forms an excellent check, and 
should not be omitted. 

Engraving, printing, and publication.—Oio the Ordnance Survey of Oreat Britain 
the maps are engraved and printed under the superintendence of the Director. 
Ingenious machines have been invented for laying down the trigonometrical points on 
copper, and for ruling the lines of even shades such as are used for huildings. 
The last improvement in these was made by Colonel Yolland, B.E. It is unnecessai’y 
in this place to give a description of these operations. For the sale of the maps, 
agents are selected by the Ordnance in the metropolis and principal towns, to whom 
25 per cent, profit is allowed on the price paid by the public. The maps hitherto 
blished on the scale of 1 inch to a mile have been of different sizes in diffei’ent 
parts of the kingdom ; and it is obvious that the quantity of labour spent in this 
prepai'ation cannot he the same for all, even if there were no variation in size. 
They were, therefore, originally published each at a cost proportioned to the expense 
of preparing it. Since, however, the art of electrotype has become available for 
the renewal of the plates, it has been determined that 2s. the sheet, or %d. the 
quarter-sheet, shall he the price for all the work. It is moreover determined that 
the sheets on this scale shall henceforth contain a fixed area of 864 square miles. 

sheets on the scale of 6 inches to the mile contain each 24 square miles, and 
are published at the price of 5s. each, but it is believed that a reduction of this price 
is contemplated. 

. ... . ^ 
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FORCE AND ORGANIZATION OF THE ORDNANCE SURVEY OP 
GREAT BRITAIN AND IRELAND. 

The force employed on fclie Ordnance Survey of Great Britain and Ireland is partly 
military and partly civil. The Ordnance Map Office, or office of the chief officer, 
which is the head-quarters of the Department, is stationary, and at present fixed at 
Southampton. Besides the business belonging to the general superintendence, and 
the diagrams and computations of the trigonometrical department, the engraving and 
printing for Great Britain are executed here ; and here, too, are the principal stores 
of the Survey. While the survey of Ireland was in progress, there was a head-quarter 
office in Dublin ; and though Southampton is now the head-quarters for both islands, 
the engraving and printing of the Irish plans are still executed in Dublin, and the 
documents and plates of the Irish Survey are there preserved in a fire-proof building. 
The Officers in the field hire temporary offices in towns convenient for their work. 
Each Officer constructs in his own ofiice the maps of the country surveyed by his field 
parties, and, when they are finished, transmits them with the field-books, sketch 
maps, and all documents connected with them, to head-quarters to be engraved. 
Thus there is a field and an office force attached to each division. 

Direction , — An Officer of the Royal Engineers, receiving his appointment and 
instructions from the War Department, through the Inspector- General of Fortifications, 
conducts the Ordnance Survey with the official style of Director. He regulates the 
whole of the operations connected with the undertaking, from the measurement of 
the base to the completion and publication of the maps. He commands the miiitavy 
companies employed on this service, and controls the civil branch in all matters 
affecting the work. He demands from the Inspector-General the number of Officers 
required to assist him, according to the duties in progress and the proficiency of the 
non-commissioned officers and other assistants. The interior economy of his depart- 
ment is ordered entirely by his discretion, his expenditure being limited by an annual 
parliamentary giant. 

The Organization is throughout according to a military principle, and though the 
assistance of civilians is largely made available, it is simply to serve, so to speak, as 
muscles for the military skeleton. No branch of the duty, however inferior, is per- 
formed entirely by civilians or without the supervision of some responsible soldier ; 
and the conduct of all the operations is within the control of the Mutiny Act and 
Articles of War. 

Assistant Officers have charges assigned to them in the different departments of 
.the 'Survey-— 

One or more being employed to assist the Director ; 

One, at the least, to direct the trigonometrical operations • * 

One for the boundary department ; 

One for contour levelling ; 

One for each division of the detail survey. 

Their number is by no means constant, but is regulated by the extent of ground 
under survey, and by the degree of proficiency of the non-commissioned officers. For 
instance, till very lately, one Officer, if not two Officers, was always present with each 
great instrument ; now, the non-commissioned officers are so well instructed that they 
can observe as correctly as their superiors, and the constant presence of an Officer is 
no longer necessary. 



|; 1 1 
!i 

R 

ii 
!: 

ii 


■iS 


1^ i i:ii 

K'li'ii 


I 


Hi] 


KM'. 

,4-i 


f;; 


'i , 1 

I 'K;. V'. 

t' ' 


i;: 
a . 


'i! 




4 # / 




.f 






598 


SUEVEYING. 


a. 


i'a 


: : 


; . ;i i 



The military force is divided into sections, each of a strength sufficient for the 
entire direction and supervision, and for ‘the partial execution of the duty allotted to 
it. The Captain and Subalterns of a company are very seldom stationed in the same 
place, and the strength of the detachment with each Officer is proportioned not to his 
I’anh, but to the exigencies of the service on which he is employed. 

The non-commissioned officers ought to he most carefully selected, and employed 
with regard to the direction of their respective talents. 

The responsible offices, are all filled by soldiers, no civilian being responsible for 
more than his individual labour. 

Each soldier employed on the survey is allowed working pay at a rate fixed by the 
Director, according to his acquirements and industry j and for the satisfactory per- 
formance of duties requiring management and indusiiy-— such, for instance, as 
reflecting with the heliostat, piling hills with judgment, &:c., it is customary to allow 
special rewards. 

It is advisable that the soldiers should be instructed in tbe duties of as many 
branches of the work as possible, that they may be available whenever the service 
may most require them. 

The civil lranch works entirely under the direction of the military ; and, speaking 
comparatively, its duties may he styled mechanical. The labours of the civilians are 
constantly overlooked, and their duties assigned dally. It is expedient, moreover, to 
guard against collusion, that each civil assistant should comprehend only his own 
particular duty, be it surveying, plotting, drawing, or other service. This policy is 
rendered necessary by the extremely slight ties by which civilians are bound to the 
service. They receive their wages weekly, and although it is expected that they give 
a month’s notice before quitting their employment, there is no power to prevent their 
doing so at any minute when they may be so inclined. 

J. coo Each Officer is furnished monthly with an imprest to meet the probable 
expenses of bis division or party. He distributes the pay of the civilians and the 
working pay of the military, and makes the dishursements necessary for the contin- 
gent requirements of his division, taking proper vouchers, and quoting in each case 
an authority for Ms expenditure. 

Every division having commonly several small detachments in the field, the pay- 
ment of each detachment is necessarily made through the non-commissioned officer 
in charge of it. 

Once in a quarter each Officer submits his accounts to the Director, who, having 
examined and approved of them, forwards them to the Surveyor-Gfeneral of the 
Ordnance. 

Chain of rcspoKst Every party, however small, is under the charge of either 
a non-commissioned officer or private of the Eoyal Sappers and Miners, who is 
responsible that the work is carried on according to orders, and that every precaution 
to prevent negligence or deception is taken. 

In the office, likewise, a non-commissioned officer superintends each department of 
the work. 

These report, either directly or through a senior non-commissioned officer, to the 
Officer of Engineers in charge, and, according to the latest anmugement, each Officer 
reports immediately to the Director. 
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MSORIPTIOIT OF COMPENSATION EARS (PAOS 579),* 

Plate III. Fig. 1. — diagram shevv'ing tlie principle of the compensation har. 
a c&', Brass bar, 

51)V Iron bar. 
p g, Steel connecting bar, 

i At the higher temperature of 62® + ?i®. 
cliV, Iron bar ) 

t T 1 At the lower teniperature of 62^ w®. 

1 Position of the steel tongues at the temperature of 62®. 

I The same at the temperature of 62® + W'®. 

I The same at the tompei'ature of 62® — -n-®. 

> The points of intersection, or compensation. 


Fig. 2. — -Plan of the compensation bar, lying in its deal box, supported upon brass 
rollers, fixed into the bottom of the box at one-fourth and three-fourths of its 
length ; the parts being free to expand from or contract to the centre : the brass 
nozzles, which protect the projecting part of the tongues, are also shewn in this 
figure ; likewise the longitudinal spirit-level and scale, and the small brass cross- 
pieces for steadying the bars by preventing any sudden jar from striking them 
against the lid of the box. 
ft a', 5 compensation bars, 
efgh, the deal box. 
rr'y rollers. 

0 o', protecting brass nozzles^ 
m m', cross steadying pieces. 

s s', two strong iron cylinders, uniting the brass and iron bars at the centre, 
vertical brass stay, screwed to the bottom of the box, to prevent longi- 
tudinal motion, 
longitudinal level. 

X X) shewing the mode of attaching the level to the brass bar. 

Fig, 3.— -Mode of fixing the brass and iron bars together at the centre, and of pre- 
venting any longitudinal motion of the bars in the box ; the longitudinal scale 
and level shewn on the left. (The whole on a larger scale than in fig. 2.) 

Fig. 4. — Side elevation of the bar, resting upon its roller in the bottom of the box, 
and shewing the brass cross-piece between at and the lid, 

Fig, 5.— Side elevation of the bar in the middle, where the brass and iron are screwed 
together, and shewing the vertical brass stay. 

Fig. 6. — Plan of the steel tongue on which the compensation point is marked, and 
which moves freely upon two conical brass pivots, with steel sooketSj^ through 
the middle of the brass and iron bars, near their extremities. 

Fig. 7. — Oblique end view of the tongue, pivots, and brass and iron bars. 

Pig, 8.— Elevation of the pivot, seen from the side of the brass bar, shewing the rear 
or root of the tongue. 

Plato IV. Fig. 9 represents one of the compensation bars in its box, as used in the 
measurement of the base, resting upon two brass levelling tripods or camels, 


* From an accouni: of tlio measurement of the T-iOugli Foyle Base, hy Colonel Yolland, B.E. 
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SWIMMING.*— It is scarcely necessary to prove tliat this art is useful to 
a soldier ; hut we may mention the brilliant feat of Captain Q-uingret, at Tordesillas, 
in November, 1812, who swam across the rapid Duero, with 60 gallant Frenchmen, 
pushing in front of them a small raft hearing their arms and clothing, and after 
storming a tower defended by the Brunswiohers, opened a communication over the 
this it will be evident that if soldiers are able to swim, they can 
effect the passage of a river, which may be of vital importance, and would be 
impo^ble ptberwise ; and when it is considered how often British troops are exposed ■ 
to drownfefe by shipwreck oic by the upsetting of boats, it appears advisable to give 
'them ^jf^^lj^ility for the ,art, particularly as the practice of it tends so 

cleanlme^’lilkd heal#, 

h- As th^ humto body is lighter than water, there are bnt few men who cannot be 
taught to swim ; and if an instructor were appointed in each regiment, a large number 
of soldiers might soon learn ; they could go through the motions even in a room 
by resting the breast upon a board suspended from a beam, or in a bath, supported 
by a strap paS^e^ und)^. the armpits ; and if arrangements be made for rescuing those 
who may get out of ih^iidfepth, they could practise safely at most stations. 

To st^ in the ordinary way, it is necessary to imitate the 

stroke is made by first bringing the palms of the hands 
early tage#^-h®f^f.#eehest and throwing them forward with the fingers pointing 
the fi%t, thfea aep^rating the hands so as to make a stroke outwards with the 
cllsa logeth^,,, and finally bringing them in front of the chest again 
' " efoVk'^^J the same time kicking out behind, so as to make 
.legs and arms, and keeping the head hack so 


^ .By Colonel Bainbriggo, R.E, 


each having a lateral or cross motion, and one having also a longitudinal 
motion; each tripod rests upon a trestle or three-legged wooden stool, which 
stands upon a triangular deal frame, supported horizontally upon the heads of 
three stout pickets, of length proportioned to the nature of the soil into which 
they are driven. At each end of the bar in the figure (which may therefore be 
considered as the first bar in a set) a compensation microscope is placed, resting 
in grooves upon a brass three-armed stand, screwed to the end of the box con- 
taining the compensation bar. Under each of the centre microscopes is shewn 
a register, technically called a / point-carrier.’ These pomt-carriers are of 
various Constructions, principally made of cast iron, and of a triangular form 
at the base : in the middle is a brass cylinder, sliding vertically through a tube 
and rings, with clamps to fix at any height the adjustable plate or disc which 
it carries at top, and on which is engraved a fine dot on a silver pin ; this dot is 
finally brought to exact bisection xinder the microscope by means of three 
screws which move the disc horizontally in any direction. On the top of the 
bar- box is shewn the end of the cross-level, and also the shutter of the 
glass window through which the longitudinal level is observed during the 
measurement. 

L L, Brass levelUng tripods. M M, Compensation microscopes. 

T T, Wooden trestles. Y Y, Eegisters, or pomt-carriers. 

E E, Triangular deal frames. w, Shutter of the glass window 

P P, Wooden pickets. over the longitudinal level. 

. C C, Clamping plates, v. Cross-level. 
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In swimming long distances it is advantageous to rest the limhs hy swimming on 
the back or side : in the former case it is only necessary to kick out with the legs, 
and in swimming on the right side a circular stroke is made with the right hand in 
front and with the left close to the side, -— and the contrary in swimming oh the left 
side : also rapid progress may be made hy throwing forward each arm alternately, 
letting the hands Ml edgewise into the water, and turning upon each side in succes- 
sion as a stroke is made. 

In order to dive, the head must be turned down, and the legs being thrown up, the 
body will sink, and can be propelled in any direction as in swimming on the surface : 
the eyes being kept open and objects distinctly seen under water, persons who have 
sunk can be searched for and pulled up, care been taken to avoid their grasp * and 
if they have presence of mind, they can, on reaching the surface, support themselves 
behind the swimmer hy resting their hands on his hips whilst he advances towards 
'■■the shore.; 

If letters, clothes, ammunition, the locks of muskets, &c., are required to be con- 
veyed, it will be best to secure them on the head ; but the proper buoyancy will be 
best preserved by carrying things under water attached to the back. 

Though cramp is much feared, it seldom attacks people except when the water is 
cold, or w4en they have been a long time in it, and it generally goes off by lying on 
the back and stretching out the hsel, 

Bwimning withm line is often required, when vessels are wrecked (as boats are 
often useless), to establish the means of escaiJe, and also when it is necessary, to cross 
livers in advancing through an enemy’s country, or in traversing a wilderness : this is 
rendered difficult by the weight of the rope causing it to sink, when the effect of the 
current upon it is increased, and it is liable to be entangled among rocks or seaweed ; 
and as one man cannot support more than 50 yards of small rope, the swimmers 
must not he placed at greater intervals apart ; and they should, when crossing a cur- 
rent, hold the rope with the hand on the side opposite to that from whence it flows, 
or, to give both arms perfect freedom, the rope might be hooked to a belt supported 
by the shoulders, and arranged so that it may he easily detached : it should of course 
be carried as much as possible with the stream, and care must be taken to pay it out 
withjudgment.':.'"'-'';, 

To support the line, floats of cork or slips of light wood may be lashed to it, taking 
care that they are of such a form as will oppose least resistance to its progress ; this 
result would be best attained by making the line itself buoyant, or by substituting for 
it an inflated tube of small diameter, formed of canvas, rendered air-tight : if only a 
small portion of this could be obtained, it should be attached' to that end of the rope 
intended to reach the shore, for there the chance of a heavy line becoming entangled 
is the greatest, and by wrapping a few turns of such a tube roubd the body of each 
person who could not swim, or round mail-bags or other valuable packages, they 
could generally be floated ashore if guided by swimmers, as in cases of wreck the 
■wind usually blows strongly towards the shore ; also the boats might he rendered 
more buoyant by attaching it under their thwarts. ‘ • 

If the distance from the wreck to the shore is great, swimmers might perhaps 
derive aid from a small raft consisting of at least three short spars firmly lashed 
together, and having numerous ropes attached so that the men might take a turn -with 
them round their waist, to prevent their being washed ofiT ; and this might be steered 
by hoisting a small but strong sail, but it would probably be stranded on outlying rocks 
or sand-banks, and the swimmers can then only advance unaided, or supported hy 
corks, or light air-tight cases attached by straps passing under their armpits (for 
which purpose common square air-cushions strapped over the chest, and thus present- 
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ing only a tliin edge to the front, have been found convenient) : as they approach, the 
shore, if they cannot find an inlet among the rocks, they must make for a smooth 
beach, if possible, and the moment they find they can obtain a footing they should run 
on quickly, so as to get out of reach of the succeeding wave : a close-fitting flannel 
dress would not much impede them in swimming, and would be found useful to pro- 
tect them from the effects of cramp, and of the wind on land ; and a light pair of 
shoes, which might be carried at the waist, would enable them to be of more service 
among rocks or flints. 

By means of the small line which is first taken ashore, a stronger one may be hauled 
thither, and by passing it through blocks a constant communication may be esta- 
blished : in this manner great numbers of persons have been rescued from drowning. 


T. 

TACTICS OF THE THREE ARMS. 

ON THE COMBINATIONS OF THE THREE ARMS IN THE COMPOSITION, 
FORMATIONS, AND MOVEMENTS OP ARMIES."^" 

^‘ Placer les diffCrentes armes selon le terrain, scion le but qu’on se in*opose, et celuiquol’on 
pent supposer a rennemi ; combiner lour action simultanee d’aprbs les qualitCs propres a 
chacune d’elles, on ayant soin de les Mre soutenir reciproqucment ; voil^L tout ce que Part 
peut conseillor j c’est dans Vetude des guerres, et surtout dans la pratique, qu’un officier 
superieur poiirra acquerir ces notions, ainsi que le coup d’oeil qui inspire leur application 
opportune.’’---/ojniHi, Precis de Z’Jride d-'wienT, chap, vii. art. 47. 

delations suhsisting letioeen the Oombimtions of the Three Arms and the Results and 
fundamental Conditions of Warfare, 

The result of a battle is very materially affected by three things, which are in a 
great measure under control of the Gfenerals who command, and exercise an influence 
v'hich, if not independent of the courage of the troops engaged, is at least distinct 
from the influence which courage exercises in deciding the issue of the shock of armies. 
These things are— 
ist, The choice of the field of battle. 

2nd, The disposition of the principal masses composing an army relatively to those 
of the enemy, and the manoeuvres executed by them during the battle, 

3rd, The manner of developing the different species of destructive forces made use 
of in warfare, through the agency of the cavalry, infantry, and artillery. 

To a certain extent, the consideration of any one of these three things necessarily 
involves that of the other two, not merely from the necessity of viewing them together 
as concurrent causes concerned in the production of a given effect, but more especially 
from the ultimate connection and mutual relations subsisting between them. 

Thus it is obvious that the relative importance of the three arms, and the order of 
their distribution in the arrangement of an army, must be essentially modified by the 
nature of the locality on which the army is to combat. Among rocks and thickets 
infantry is the best species of force which can act effectively ; on open plains cavalry 
may be considered the predominant arm ; and in the defence of defiles and the attack 
principal part to perform. t 
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Omitting, however, all considerations both of pai-ticnlar localities and of particular 
'Orders of battle, certain general principles may be laid down for the combinations of 
the three arms, solely founded on the relations which subsist between the distinguish- 
ing peculiarities in the mode of development of their destructive forces, and the fun- 
damental conditions of offensive and defensive warfare. 

Mest, or the ability to maintain a position, is the essential condition of defensive 
combinations. 

Motiony or the ability to advance, is the essential condition of offensive combinations , 

In treating of the combinations of the three arras, the first thing to be done is, 
therefore, to consider how the development of the destructive power inherent in each 
is affected when subjected to one or other of these conditions. 

In modern warfare there are four distinct methods eraployed for effecting the 
■destruction or defeat of an enemy, viz. 

1st, The charge of cavalry, 

2nd, The charge of infantry. 

3rd, The fire of infantry. 

The fire of artillery. 

Of ihe Charge of Trooj^s, 

In estimating the effect of a charge on the combinations of the three arms and of 
the circumstances in which a charge is applicable, it is necessai-y to consider the 
obstacles by which the charging body may be opposed, and the results which it is 
capable of obtaining. 

The obstacles by which a charge may be obstructed are — ■ 

Local impediments, whether artificial or natural, such as fortified posts, in- 
trenchments, abattis, inundations, enclosures, rivers, thickets, swampy or rugged 
ground. These impediments may either be such as to render a charge altogether 
impossible, or they may be such as merely to increase the risk and difficulty attending 
its execution. 

The particular consideration of this class of obstacles on military operations is 
treated under the subjects of Fortification and tbe choice of Positions.* 

The fire of artillery and musketry is another obstacle which offers a formidable 
obstruction to the cliarge of every species of troops. The effect of fire in opposing 
a charge depends partly on its intensity and partly on its duration, that is, on the 
length of time during which the charging body is exposed to its action. This length 
of time is determined by the range of the projectiles and by the distance and rate of 
motion of the charging body : as these vary, so does the effect of this obstacle. The 
protection of fire cannot be always successful against a sudden rush ; but a feeble fire 
may suffice to stop the advance of troops, if the distance they have to traverse be 
considerable and their i*ate of progression slow. 

A natural obstacle, by impeding the advance of an attacking force, may so greatly 
increase the effects of the fire by which it is opposed as to render a charge impracti- 
cable, though neither the magnitude of the obstacle nor the intensity of the fire 
might have been singly sufficient to stop the onset of ‘resolute men. 


nature of the ground than on any other consideration whatovci*. The strength of a position 
compensates for numerical weakness. 

Defiles in front of an army render superfluous a portion of the means of defence, and iiioreaso 
the difficulties of developing the means of attack. As regards details, the slightest considera- 
tion, and frequently instinct alone, is sufficient .to i’ender evident those modifications which 
the formations consecrated by usage must undergo in order to adapt them to particular 
localities. — Marmont, Esprit des Institutions Militaires, part iii. chap. 8. 

* See ‘ Fortification, Field,’ and ‘ Position, Retrenched.’ 
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Tlie nature of tlie result to be derived from a successful charge depends on tlie 
relation wbicb subsists between the force that attacks and that against wbicb the' 
attack is directed, 

(1.) When both forces are of the same kind, if the troops composing each be equal 
in numbers, strength, courage, and equipment, the result of a collision must necessa* 
rily be uncertain, and will very probably be indecisive. 

If tbe force attacked be inferior in any of these points, it may, hy retiring, always 
avoid a collision, and escape without sustaining any serious loss. 

When, therefore, the contending forces are of the same kind, all that can generally 
be effected by a charge is to drive the enemy from a position. 

The result of a sxiccessful charge is in this case limited to the gain of a position ; 
the destruction of the troops defending it, if effected at all, must be accomplished by 
other means. 

The expediency of charges of this class must in each particular case he principally 
determined hy a consideration of the relative numbers and comparative quality and 
efficiency of the opimsing forces, 

(2). When the attacking force possesses in close combat a natural physical supe- 
riority over the force attacked, the utter destruction of the enemy may he calculated 
on as the probable result of a successful charge. The certainty of this result, and con- 
sequently the expediency of charges of this class, depends entirely on the possibility 
of bringing the charging body into contact with the object of its attack without its- 
suffering a greater loss than will be repaid hy the destruction of the enemy. 

In each particular case this will be determined by a consideration of the descrip- 
tion of natnral obstacles to be surmounted, and of the intensity of the fire to he 
encountered. 

Of tfiG Charge of Cavalry, 

Eest is incompatible with the action of cavalry ; that is to say, a body of cavalry, - 
when assailed, must either advance or retire ; by simply remaining firm, it cannot 
either maintain a position or inflict any injury on an enemy. 

Marmont says, Close combat and hand-to-hand struggles are the objects of the 
institution of cavalry. . 

It ought to thrust home the sword’s point on the enemy, to crush and overwhelm 
his ranks by its shock, to annihilate his shattered forces hy a swift pursuit. 

Fsprifc dcH lusti *‘ To pursue the enemy is its habitual office j for it is rare that a collision takes 
tutions Mili- place at the instant of meeting : the less confident of the two parties stops and he- 
Hcctii. takes riself to filght.”* 

Unless it be possible to bring cavalry into absolute contact with an enemy, it can- 
not be made available for its destruction. 

The ability to advance is therefore the essential condition on which depends the 
development of its destructive power’. 

Charges of cavalry may be resorted to in order to effect three different objects : 

1. To drive another lody of cavalry from the field, 

% To destroy infantry, 

8. To seize latteries of artillery. 

The principal uses of cavalry are — to prepare the way for victory, to rondei* it complete by 
the capture of prisoners and trophies, to pursue the enemy, rapidly to succour a menaced 
point, to complete the overthrow of infantry previously shaken, and finaUy, to cover the retreat 
of infentry and artillery. 

The reasons are therefore apparent v/hy an army deficient in cavalry mroly obtains any 
signal success, and why it experiences such difficulties in its retreats. — Jomhfii, Frkis de VAr 
de la GuerrSf dhap. vii. ajrt. 45. 
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(1.) A body of cavalry may by a charge compel aiiotlier of inferior force to fly from 
the field, and this results •will probably be obtained without a collision taking place, 
—consequently, withoiit any risk or loss being incurred by the chargA 
In order to cover the advance or retreat of infantry, it is sometimes expedient for 
one body of cavalry to charge another of equal or even superior force. When this 
happens, a collision ensues, the result of which must depend on the courage and 
strength of the respective combatants. The expediency of risking a contest of this 
sort depends on the importance of the object to be obtained by preserving the infantry 
• from attack. It is sometimes essential to the plans of a Greneral to risk the sacrifice 
■of his cavalry for the preservation of his infantry. 

(2.) The success of a charge of cavalry against a body of infantry hinges on the 
possibility of the cavalry breaking the ranks of the infantry. 

If by its fire and by its bayonets the infantry cannot resist the charge, its destruc- 
tion is inevitable ; retreat will not secure its preservation. 

Without venturing to affirm that it is physically impossible for cavalry to break aix 
infantry square, experience certainly authorizes the assertion, that the resulfe of a 
charge of cavalry against infantry in good order, and occupying a fixed position, is 
very likely to prove a failure/ 

To insure signal results from a charge, infantry should he attacked either when 

theirranksareinsomedegreehrokenanddisorderedjorwhenengagedmtheexecu- 

tion'’of a movement, and unable to assume a formation of defence. 

When infantry are regularly formed for the defence of a fixed position, previous to 
.a charge of cavalry, a fire of musketry and artillery should he employed to break their 
formation and diminish the intensity of their fire. 

It was thus that Napoleon conducted his attack on the Prussian army at Jena. At 

Borodino also the fire of infantry and guns prepared the way for the successful efibrts 

of the French cavalry. 

In resisting an attack, or opposing a pursuing force, opportunities frequently occur 
for cavalry to charge successfully without the co-operation of the other arms. Thus 
at Marengo, the pursuing columns of the Austrians were overthrown, and the tide of 
victory turned by a sudden and vigorous charge of French cavalry, t 

On account of the inability of infantry in movement to resist the attack of cavalry, 
it may perhaps be concluded that the opportunities for the effective employment of 
cavalry against infantry are greater when the cavalry is employed in defensive com- 
binations against a force moving to the attack, than when it is employed in oiiensive 
combinations against a force occupying a fixed position. 

' (3.) When it is necessary to seize a battery by a charge, cavalry, if the ground be 

favourable for its action, is the species of force best adapted to execute this service. 

Though the bulk of a body of cavalry considerably exceeds that of a body of infantry, 
yet the rate of motion of cavalry is so much greater than that of infantry, that in tra- 
J versing equal spaces the former will suffer much less than the latter. 

•j At the battle of Jena, the capture of a battery was the object of a brilliant charge 

I of a portion of the French cavalry. 

j When cavalry are employed to carry a battery, a body of infantry should follow 

{ closely for the purpose of securing the guns. 


* It is admitted that a general attack of cavalry against a line of infantry, in good order and 
at a certain distance, c.annot be successfully attempted unless supported by infantry and a 
very numerous artilleiy. We liave seen how severely the French cavalry suffered in conse-^ 
quence of their acting contrary to this rule at Waterloo, and at Kunersdorf the cavalry oi 
Frederic experienced the same fiite. 


t The Austrian cavalry having left the fi.eld.—Fdi^er5. 
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DUb TACTICS OF THE THEEE ARMS, 

Of the Charge of Infantry. 

A charge of infantry may gain a battle, "but it cannot destroy an army. 

The object of a cbax'ge of infantry is either to capture guns or to dislodge another 
body of infantry from a position. 

(1). When the capture of guns is the object of the charge, success depends on the* 
charging body persevering in its advance until it reaches the battery. If this can be 
effected, an absolute result will be obtained. The risk of failure will be in proportion 
to the distance of the battery and the number of guns of which it is composed. 

No extraordinary effort is required for infantry to seize a few detached guns ; but 
when the fire of many guns is concentrated to oppose its attack, the havoc created is 
so dreadful that the most courageous infantry frequently fails in the attempt to carry 
a powerful battery. 

At the battle of Leipsic, on the afternoon of the third day, the Allies concentrated 
on the French army the fire of 800 gnns, disposed in a semicircle of two miles in 
extent. For four hours the French troops sustained, without flinching, this tremen- 
dous cannonade. During that period, columns of infantry repeatedly rushed forward 
to carry the batteries j but, as soon as they arrived within range of grape, they were 
swept away, and their shattered remnants driven back in confusion. 

(2.) When one body of infantry charges another, excepting in affairs of posts, a^ 
collision seldom or never takes place.* 

The immediate result of a charge of infantry is simply to cause the enemy to 
abandon a position* Nor can this result be obtained, even by the aid of great numeri- 
cal superiority, without the attacking force sustaining a severe loss from the fire of 
their opponents. In this respect the attack of infantry on infantry differs materially 
from that of cavalry on cavalry. 

Of Five in General. 

Although motion is totally incompatible with the action of artillery, and very 
unfavourable to the development of an effective fire of musketry, yet both species of 
fire are available as well for the purposes of attack as for those of defence. 

That terrible iron shower which shatters the ranks of an attacking column and 
forbids it to approach a position, is equally efficacious when employed to sweep away 
the battalions which defend it, and to compel them to fly from its far-reaching 
.fury.',,; 

In considering the effect of fire as a means of offence, it is, however, important to 
remark, that the troops against whom it is employed may by retreating neutralise its 
power as a destructive agent. 

The assailants may indeed pursue, but it is not possible at the same time to march 
and to fire with effect. 

Hence, while the retreat may be uninterrupted, the pursuit must consist of alter- 
nate advances and halts, and the pursuers will necessarily be distanced hefore they are 
able to effect the complete destruction of the beaten force. It may therefore be laid 
down as a general rule, that in offensive operations great and decisive results cannot 


In actual warfare I have never^ seen combats of infantry otbeiwise conducted tlian by 
battalions deployed beforehand, who commenced firing at first regularly by companies, after- 
wards independently by files, or else by columns marching boldly against the enemy, who 
either gave way without awaiting the shock of the columns, or repulsed them before the 
moasayent of contact ; it might be by the effect of their fire : it might be by their fh'm demeanoizr, 
or fin«%; it might be by rushing forward to meet their assailants. Scarcely anywhere but in 
Villages^ Gft: defiles have I seen actual conflicts between columns of infantry, the heads of which 
st niggled by the push of bayonets j never in the field of battle have I seen anj'thing like this. 
— /amwi, dfi chap. vii. art. 44, 
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“be obtained without the aid o£ cavalry, and that troops, if assailed only by infantry 
and artillery, may usually effect a retreat.* 

The cases which present exceptions to this rule are those in which it is possible to 
concentrate a powerful fire on a mass of men entangled in a defile or other situation 
w^here they cannot escape from its effects. Thus, at Riyoli, an army was precipitated 
into a defile and destroyed by musketry ; and more recently some batteries of horse 
artillery made frightful havoc among the masses of the Sikh army while endea- 
vouring to escape across the Sutlej, after being driven from their intrenchments at 
Sohraon. 

Of the Mve of Inf miry. 

The destructive effect of fire is modified by two classes of circumstances,— by those 
circumstances which affect the fiicility of its concentrated application, and by those 
which affect the intensity of the force of the projectiles and the extent of their 
range., ■ 

The momentum of a musket-bullet is vastly inferior to that of a cannon-ball, but 
the destructive power of musketry is capable of greater concentration than that of 
artillery. The fire of a line of infantry within the limits of its range is therefore more 
formidable than that of a battery of the same extent of front. 

In defensive combinations, the position of the infantry being fixed, its fire is steady 
and uninterrupted. In these combinations the power of musketry acts under the 
conditions most favourable to its effective development, 
do TArt do la _ It is available at all times and in every locality, and ought to be regarded as tbe 
JSu!’ cheeking the advance of an enemy 
and repelling Ms attack. 

Motion being incompatible with the maintenance of a steady fire, musketry cannot 
be so effectively employed for the purposes of attack as for those of defence. 

A cloud of light troops should, however, always accompany those of a column j the 
' fire of the skirmishers will weaken and distract that of the troops defending the 
position attacked, and will materially contribute to the success of the operation. 

If the troops defending a position have suffered no serious loss from the fire of 
artillery, and can only he assailed in front, the fire of skirmishers will be too feeble to 
cover effectually the charge of infantry ; in such cases, previous to endeavouring to- 
close with the enemy, it may sometimes t he advisable for the advancing infantry to 
deploy, and, as it advances, occasionally to halt, and endeavour to shake the enemy’s 
line by a fully developed fire of musketry. 

Fire of AftiUevy, 

The efficiency of the fire of artillery is in proportion to the number of guns, the fire 
of which can be concentrated on a given point. 

The facility of concentrating guns is therefore an indispensable condition to the 
effective employment of this species of fire. 

In defensive combinations, the artillery of an army must generally be distributed 
over a great extent of ground, and at critical moments the fire of powerful batteries 
cannot always be made available at those points where the most vigorous efforts are 
required to repulse the attack of the enemy. At any particular point, however, the 
fire of artillery doubles the strength of a ]>osition, not merely (as Jomini observes) on 

111 1S13 the Russians wore bcatdii at 'Lutsjon and Baut 2 fen by tho infantry alone. In a 
moral point of view those victories wore of great importance, but no real material advantage 
resulted from them. A flying enemy can always rally, unless a blow is rapidly struck 
in the first moment of disorder.-— Ea^rlt dm Imtitutimis MiUiaires, part ii. chap. i. 
'Sect., 2. , 


tNo British troops ought to be in column within canister-shot.— 
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account of the great distance at wbicli its mischievous effects begin to be felt, and the 
discouraging influence thereby exerted on troops inarching to the attack while they 
are afar off, but also on account of the havoc which, when they approach within the 
range of grape, is inflicted on them by the fire of this arm. 

In offensive combinations, artillery should be as much as possible concentrated, and 
the fire of formidable batteries brought to bear on those points where it is desired 
that the greatest impression should be made. 

The fire of infantry, which is the great staple of defence, and which is availahle 
against every other species of attack, cannot reach a distant battery. 

■When, therefore, a position is assailed by artillery, as soon as the guns defending it 
are silenced, the sole means of opposing active resistance to this species of attack; by 
troops subjected to the conditions of defence, is destroyed j—eitheivthe position must 
be abandoned, the troops defending it must assume the offensive, or they must 
passively submit to the havoc caused by the fire of their assailants’ batteries. 

Whenever powerful batteries are concentrated on a given point in order to over- 
whelm an enemy by the superiority of theii* fire, Marmont says that artillery becomes 
the principal arm of attack ; and w^hether the batteries employed he weak or powerful, 
it need scarcely he noted that in the attack of fortified posts artillery has always the 
principal part to perform. 

i Qomiinaiion of ike Three Arms in the Composition and Organization of an 

Army. 

irryej-s uo Jomini suys, it may be admitted as a general rule, that one-sixth part of the force 

de^ia of an army in the field should be composed of cavalry. This may be regarded as a 

maximum. Three pieces of artillery to a thousand men is by the same writer fixed 
as a maximum, which experience teaches need never he exceeded.* When the 
infantry and cavalry are courageous and well disciplined, a smaller proportion of 
artillery will suffice, and in most circumstances good troops will not require more 
than two guns to a thousand men. — Aide-Mdmoire, article ‘ Artillery.’^^ ^ ^ ^ ^ 

In this organization of an army, the range of artillery forms the most natural and 
proper basis for the primary combinations of the three arms. 

In these primary combinations the number- of guns and the strength of the cavalry 
are arbiti*ary,tbut the strength of the infantry should be so proportioned to the range 
of the guns, that the front of the infantry when deployed shall not exceed double the 
effective range of the guns. 



* The effective strengtti of th© infantry being represented by unity, that of the cavalry 
should be ^ in a war carried on in a champaign country such as Belgium or Germany ; in a 
country like Spain, and only in a country like Italy. 

In 1832 the ratio of the different amis in the French araiy was— Infantry = 1 ; Cavalry = 

^ ; Artillery=^; Sappers and Miners (genie) =• Waggon ti*ain (Equipages) ==-^. (Lak/d’s 

chap. xii. section 1. 

In the estimate for IS 62-3, the numbers of the different arms in the British army gave the 
following ratio— 

Infantiy (Colonial corps) = 1 



Cavalry (Military Tram included) 


Aitihery 


Engineers. * * . . . = 2 ^ 

t Ba,the corps d’arai^e organized by Napoleon at the camp at Boulogne, the cavalry was 
altogether withdrawn from the divisions. This system, though the Emperor adhered to it in 
his subseqtteat campaigns, is not approved of by Marmont.— Vide Esjmt des Indiiutio«.s 
pari; ifi. c^p i. ; see also Jomin\ Pnkis de VArt de la Gfuerre, chap. vii. art, 48. 
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By adding to an assemblage of mixed divisions, organized in tWs way, two reserves^ 
tlie one composed exclusively of artillery, the other of a mass of cavalry, supported by 
a few horse batteries, a force will be constituted in wHcli the three arms are combined 
in a way which is adapted to the exigencies both of defensive and offensive warfare. 

In the mixed divisions the three arms mntually support one another, and are so 
combined as to facilitate the simultaneous development of their destructive powers, 
wdiichis the mode of development most suitable to the conditions of defence. 

By means of the reserves the power of each arm may be developed separately and 
the different arms made to act successively, which ia offensive operations is frequently 
preferable to their simultaneous employment, 

Fsprit des proportion in which Marmont recommends that the three arms should he com- 

lisfcitutions bined in the mixed divisions is, two batteries of foot artillery and seven or eight 

These proportions are applicable to the three-deep formation of infantry, in which 
the extent of the front of a division of 10, 000 men is about 1950 yards. lu the two- 
deep formation, even 8000 men is too great for the maximum limit of the strength of 
the infantry of the mixed division. A line of 8000 men formed two deep is upwards 
of 2300 yards in length, and assuming 1200 yax'ds as the maximum effective range of 
field artillery, two batteries placed one on each flank of a line 2300 yards in length 
would afford a very feeble defence to the central parts of the intermediate space. 

Two batteries cannot afford an efficient defence • to more than 6000 infantry formed 
two deep : this is at the rate of two guns to a thousand men, but in order to provide 
for the support of the cavalry and the formation of batteries of reserve,, three guns to 
a thousand men will be required if two batteries and 6000 men be fixed as the proper 
strength of the artillery and infantry in the composition of the mixed division.'*^ 

„ , The strength of the cavalry reserve, Marmont says, should in no case exceed 6000 

Institutions men, that number being sufficient to insure success m any enterprise which cavalry 
*rt!£lctoiU. reasonatly attempt. 

Kapoleon, he adds, in his last campaigns organized corps of cavalry composed of 
three divisions, and numbering at least 12,000 horses *. this idea was monstrous, and 
incapable of any useful application on the field of battle. 

The annexed states exhibit the application of the above principles to the details of 
the composition and organization of an army in which 48,000 infantry is assumed as 
the basis for the formation of the force. (See Numbers Oiie aad given 
in the next page.) 

According to this view the mixed division is the elementary fraction in which the 
three arms are first intimately combined. 

An army is the unit or perfect whole, and is constituted by the combination of 
cavalry and artillery reserves, with a suitable number of mixed divMons. 

"When the force placed under the command of a General exceeds 100,000 men, the 
cavalry, infantry, and artillery should not be united by the direct eomhination of their 
aggregate masses, hut a multiple organization should he adopted by dividing the force 
into two or more bodies, called corps cVarmSe, each containing a proper proportion of 
cavalry, infantry, and artillery, and so organized as to constitute a distinct and inde- 
pendent army, capable of being employed either separately as an individual unit, or 
conjimctly as one of those composing the total of a compound body. 

* If the division be unavoidably formed in two lines, the artillery being only required for 
the defence of the front line, the strength of the infantry may be doubled, that is to say, two 
batteries will suffice for 12,000.-“ Fide Appendix B. ♦ 

Kote . — As every division of infantry is divided into brigades, the most natural formation 
will have at least one brigade in reserve, or in a second line.— JS'diioi’fl, 





jDw^jet 
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STATES NUMBEE OEE. 

GonipoBitioTi of a Coi'iis djArraee^ 2 Guns to 1000 Men. 


Description of^ 
l^'orce. 

Ho . of Divisions. 

Composition of one Division. 

Total Force. 

Battalions of 1000 
men. 

. 

Squadrons of 100 
men. 

Batteries of 6 Guns. 

Infantry. 

Cavalry, of Force. 

Guns, 2 to 1000 men. 

Foot Field 
Artillery. 

Horse Artillery, 

Reserves and 
Position. 

Mixed Divisions . 

6 

8 

6 

2 


... 

48,000 

3600 

96 

Cavalry Reserves . 

2 


30 


1 

... 


6000 

12 

Artillery Reserves . 

' i 

... 

... 


... 

2 

3 



30 

Total . . . 

... 

..... 



... 


48,000 

9600 

138 


STATE NUMBER TWO, 

QompoBbtion of a Gorps eVArnioe, 3 Qims to 1000 Men (nearly). 


■ ■ ■ ' 

Description of 
Force. 

No. of Divisions. 

Composition of one Division. 

Total Force. 

Battalions of 1000 
men. 

Squadrons of 100 
men. 

Batteries of 6 Guns. 

Infantry, 

(3$ 

1 

o 

Hsa' ; 

' Q : 

Gnns, 3 to 1000 
Infantry. 

Foot Field 
Artillery. 

3 

1^ 

< 

o 

s 

o 

w 

Reserves and 
Position. 

. 

ft. 

Mixed Divisions . 

8 

6 

4 

2 



48,000 

3200 

144 

Cavalry Reserves . 

2 


30 

... 

1 



6000 

12 

Artillery Reserves . 

... 



... 

' 2; 

''■3.' : 



,:.;30' 

Total . . . 


.... 





48,000 

9200 

186 


Combinations of the Three Arms for the Defence of a Position. 
la circamstaaioes wlstere troops act wholly on the defensive (as for instance in the 
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frijcis de I’Art 
dclaOuorro, 
chap, iv. sect. 30. 


Vide Appendix 


defence of works), artillery and infantiy are the only descriptions of force wliicli 
can act effectiyely ; in such circumstances, cavalry is less required. An army in the 
field, however, should always he prepared to repulse the attack of an enemy, not 
merely hy the vigorous use of those means by which an assault is repelled, hut also 
hy the development of all its offensive resources, through the medium of a judicious 
counter-attack. 

Jomini says, A General who awaits the enemy like an automaton, without having 
formed any other design than that of fighting bravely, is invariably forced to give way 
whenever he is properly attacked ; not so a General who awaits an attack with the 
firm resolution to combine great manoeuvres against his adversary, so as to regain the 
moral advantage given by the impulse of attack, and by the certainty of bringing his 
masses to bear on the most important point, —a certainty which in combinations 
simply defensive can never be secured. 

“He indeed who awaits an attack in a well-chosen position where his movements 
are free, has the advantage of observing the approach of the enemy. His troops, 
properly arranged relatively to the ground and aided hy batteries so placed- as to act 
with the greatest effect, have it in their power to make their adversaries pay dearly 
for the ground that separates the two armies ; and if the assailants, already shaken by 
their serious losses, find that they are themselves attacked at the very moment when 
they imagined victory within their grasp, it is not probable that the advantage will 
remain on their side, for the moral effect of the offensive being in this way assumed 
by ah adversary believed to be beaten is well calculated to stagger the most 
audacious.” 

In accordance with these views, Jomini defines the objects of defence to be — “ In 
the first place, by multiplying obstacles to impede the approach of an enemy, and 
afterwards by the judicious management of strong reserves to be able at the decisive 
moment to act vigorously on the offensive at points where a feeble resistance is all 
that the enemy has been led to expect, and all that he is prepared to contend with.” 

It is obvious, that in conducting the defence of a position on these principles 
cavalry will be no less serviceable than the other arms. 

In the formation of an army for the purposes of defence, certain general dispositions, 
such as the arranging of the force in several successive lines, the order of formation 
of the troops on each alignment, and the relative positions of the cavalry, infantry, 
and artillery, are in a great measure independent of the nature of the position to be 
defended. The details of formation, such as the configuration of the lines of defence 
(whether straight, convex, concave, or irregular), the distance between the different 
lines, and the proportion of the total force which should be allotted to each, cannot 
be absolutely determined. These details depend principally on local circumstances, 
and require to be so arranged that the lines of formation may correspond with the lines 
of defence determined by the accidents of the ground to be occupied, and that a 
greater force may be provided for the defence of those points where no natural 
obstacles exist, than for those where the ground is strong and the position difficult of 
access.* 

The following outline of the method of arranging an army for the defence of a fixed 
position only embraces those points which are common to all defensive arrangements. 
It will be found consistent with the general practice of modern commanders and 
suitable to the conditions imposed ou the development of the power of the three 
arms by the objects of Defensive Warfare. 

The infantry is drawn up in four alignments. 


* Soe article ‘Position.’ 
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Pr^civi de 
de la Guerre, 
€liap- vii. art. 43. 

Esprit des 
Institutions 
Militaire.s, part 
iii. chap, yiii. 


The troops on the first alignment are formed at open or skirmishing order; on the 
second they are in close order; on the third, formed in columns of battalions at 
deploying distance, supported by strong divisions, each consisting of one or more 
brigades formed in mass of battalion columns. 

The skirmishers being always detached from the line in their rear are not reckoned 
as a distinct corps ; although therefore the development of the infantry is fourfold, 
yet its division is only threefold. The three fractions are respectively distinguished 
as the first and second lines and the reserve. 

The cavalry is drawn up in rear or on the flank of the infantry. ' 

The squadrons of the mixed divisions are distributed along the rear of the second 
line of infantry, immediately behind the divisions to which they are attached, out of 
cannon-shot. 

The cavalry reserves may be formed in echellon on the flanks of the army, or they 
may be posted in rear of the second line of infantry, so as to suijport some particular 
part of the position where the ground is favourable for the action of cavalry. 

The artillei'y attached to the mixed divisions, reinforced by a portion of the heavy 
batteries of the reserve, should be so placed as to flank the deployed line of infantry 
in the same way as the bastions of a fortification flank the intermediate curtains.'*^ 

By this arrangement a ci’oss fire of artillery will co-operate with a direct fire of 
musketry to defend every point of the position, and to oppose the approach of an 
attacking force. The horse batteries, f and the remainder of the heavy batteries of 
the artillery reserve, are formed in columns on the flank, or in the rear of the infantry 
reserves.- 

When an army thus arrayed for defence is attacked by an enemy, the first resistance 
is offered by the skirmishers detached from the first line. Extended in front of the 
position, supported by squadrons of light cavalry, and, where possible, protected by 
natural obstacles, these troops by a fire of musketry vigorously oppose the cloud of 
light troops thrown forward by the enemy to cover the deployment of his columns. 
As soon as the enemy approaches within cannon-shot, the artillery by which the 
position is defended opens its fire, first co-operating with the effects of the light troops 
in retarding the establishment of the hostile batteries, and afterwards endeavouring 
to silence their fire and disinonnt their guns. 

When the light troops of the defenders have been driven in, should the enemy push 
forward masses of infantry, the fire of the infantry and guns occupying that part of 
the position which is assailed are concentrated on these troops. $ 

If the advancing masses are not checked by this concentrated fire, a bold charge of 
the opposing line often strikes them with dismay, arrests their progress, and drives 
them hack in confusion. 


* Artillery in an order of battle is placed at the salients, and at tlio.se points whore the 
position is weakest, either from those points being easy of access, or from the smallness of the 
force defending them. It ought to be placed so as to enfilade the different roads, communi- 
cations, ravines, and outlets of valleys by which the enemy can present themselves ; above 
all, it is necessary that it should, bo able to play upon the foot of the heights upon which it is 
established : eight feet in one hundred is the maximum of inclination of those slopes which 
offer an advantageous position for a battery.— Zaiswt/’a Aid^-Mdinolre^ chap. xii. sect. 1. 

t At least one-half of the horae artilleiy should be kept in mass with the reserve, in order 
to be rapidly moved to any point where it may be wanted.— /o/abii, Precis de I' Art de la Guerre, 
vol. ii. p. 2Y4 ; see also VJSsprit des Institutions MilHaires, part iii. chap. 1. 

t It ought never to be forgotten, tlxat in action the principal office of every species of artil- 
lery is to .crush the troops of the enemy, and not to reply to his batteries; nevoi-thcless, it is 
well not to leave the enemy’s batteries entirely unmolested : a third part of the disposable 
guns may, therefore, be employed to annoy the enemy’s artillery, but at least two-thirds must 
bo constantly empl^ed against the infantry and cavalry. 
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f if, instead of infantry, masses of cavalry be employed to force a position, tbe 

infantry defending lb form battalion squares, tbe ammunition ‘waggons, and limbers 
are -w^itlidrawn, and tbe guns distributed in half batteries or sections between tbe 
, squares, witbin wbicb at tbe moment of attack tbe gunners take refuge. 

If tbe enemy fail in breaking tbe squares, tbe cavalry in rear of tbe division 
attacked instantly obargos and gradually succeeds in driving back tbe assailing 
squadrons. Tbe attacks of tbe Erencb cavalry were in tbis way repeatedly repulsed 
by tbe Austrians at Aspern (or Essling), and by tbe British at Waterloo. 

Tbe first efforts of an attacking force are invariably resisted by tbe sbirmisbers and 
first line of tbe force attacked, in tbe manner above described. 

Should tbe enemy be successful in overcoming tbe resistance of the first line, tbe 
same uniformity of practice does not exist with regard to the method of employing 
tbesecond line and reserves in resisting bis further progress. ; Sometimes, after tbe 
repulse of the first line we find the second line deploying, assuming a newline of 
and defending it precisely on the same principles as the first line was 
defended : meanwhile .the reserves manoeuvre so as to be ready in case of a second 
disaster to deploy in a third position, and to endeavour to maintain it by a third 
repetition of the original system of defence. Sometimes, on the other band, as soon 
as tbe enemy’s plan of attack is fully developed, or at all events as soon as it becomes 
evident that the first line will not be able to maintain its ground, we find the second 
line, in co-operation with tbe cavalry reserves, assuming the offensive, and endeavour* 
ing by the combination of skilful manoeuvres with a bold counter-attack to drive back 
and overthrow any portion of tlve hostile force which may either have succeeded in 
penetrating tbe first line, or which may have compromised itself in making the 
attempt. 

The advantages of the latter system have already been indicated, and some furtlier 
observations will be found in the next section, tending to show, that if tbe second line 
simply attempt to maintain its position, it runs a great’ risk of being involved in tbe 
defeat of tbe first, wbereas, if it boldly attack tbe enemy before Ms troops have time 
to recover from the disorder occasioned by tbeir struggle with the first line, it is 
j Mgbly probable that tbe effort will be successful, and will result in the complete 

repulse of tbe enemy’s force. 

Kevertbeless, it must be admitted that there are cases where tbe opposite system 
may be adopted with advantage, and that good troops arrayed in a series of defensive 
lines may maintain themselves in a strong country against very superior numbers, 
whereas by attempting to operate offensively they would in such circumstances incur 
a great risk of involving themselves in a contest, wbicb, in case of tbe issue being 
unfavourable, would result in tbeir total ruin. 

Rear- guards, when attacked, are usually obliged to conduct tbeir defence on tbis 
system, to avoid the risk of more than one line being forced by a single effort : the 
distance between the lines should be considerable ; the line in the rear should be 
supported by artillery, and the defence of the first line should be abandoned in time 
to prevent tbe troops being broken and overwhelmed by contact ■vvitb the superior 
; masses of the enemy, 

? Comlmations of the Three Arms for the Attack of a Position, 

The following observations respecting combinations for attack are extracted from 
tbe 4tb chapter of Jomini’s ‘ Precis de PArt de la Guerre 

^ ‘ Tbe essential object of an offensive battle being to dislodge the enemy from bis 
position, and above all to throw Mm into the utmost possible disorder, tbe employ- 
ment of physical force must usually be relied on as the most efficacious means for 
arriving at these results. Nevertheless, it sometimes happens that tbe hazard of 
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trusting solely to the employment of force is so great, that success may he more easily 
obtained by means of manoeuvres calculated to outflank the wing of the enemy’s 
army which is nearest his line of retreat.” 

Of these two means of attack, being the employment of physical force, and the ; 
employment of outflanking manoeuvres,* the former is that which is the intermediate 
object of the present investigation. Concerning it, Jomini delivers the following 
maxims , ■ , 

‘‘It is diiEcult to determine, in an absolute manner, which method is the best that 
can be employed to force an enemy’s line to quit its position. Any order of battle or 
of formation which should succeed in combining the advantages of fire with those of 
the impulse of attack, and of the moral ejBfect it produces, would be a perfect order. 
Lines and columns, skilfully mingled, and acting alternately as circumstances and 
opportunities vary, will always be a good system.” 

In the following passage, Jomini first describes the method of combining artillery, 
cavalry, and infantry, in attacking the first line of an enemy ; he then discusses the 
value of success in the first shock, with reference to the manner in which such success 
affects the ability of each of the contending armies to renew the struggle, and to the 
influence which it exercises on the final event of the engagement. 

“ The different means that must be used to carry a position, that is to say, to break 
the enemy’s line, and to compel it to retreat, ai’e, first, to shake theline by a superior 
fire of artillery, then to produce in it a certain degree of disorder by a well-timod 
charge of cavalry, and finally to direct on the line, thus shaken and disordered, masses 
of infantry, preceded by skirmishers, and flanked by a few squadrons of cavalry : even, 
however, taking it for granted that a combined attack of this sort will he successful 
against the enemy’s first line, there still remains to be beaten the second line, and 
after it, the reserve. At this point the difficulties of the attack would, therefore, have 
only become more serious than before, were it not that the moral effect of the defeat 
of the first line frequently leads to the retreat of the second, and causes the Oeneral 
of the army attacked completely to lose his presence of mind. 

“ Yet it is evident, that in spite of their success, the troops of the first line of the 
assailants must also he somewhat disorganized, and that it will frequently be very 
difficult to replace them by those of the second line ; not merely because the troops 
of the second line do not always follow the movements of the operating masses after 
they arrive within the range of musketry, but more especially because it is always 
hazardous to replace one divison by another in the midst of a battle, and at the instant 
when the enemy should make the most powerful efforts to resist the attack. 

“ There is, then, every reason to believe, that if the General and the troops of the 
force attacked did their duty, retained their presence of mind, and were not menaced 
on their flanks and line of retreat, the advantage of the second shock would be 
almost always on their side. But, in order to secure this result, it is absolutely 
essential to recognise by a rapid and decisive glance the precise instant when it 
becomes expedient to precipitate the second line and cavalry reserves upon the 
victorious battalions of the enemy. Even the loss of a few minutes may become 
irreparable, for the risk is incurred of the second line being involved in the defeat cf 
the first, and- hurried away with it in its flight. 

“ The following truth respecting the conduct of an attack results from tlio pre- 
ceding observations : — 

The most difficult, but at the same time the most certain, means of success is, to 
support' effieiently the line first engaged by the troops of the second lino, and these 


’ . .‘battle of Yittoria is a good example. —iidiiori'. 
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by the reserve, at tbe same time carefully calculating tlie employment of tbe cavalry 
and artillery reserves, so that the decisive struggle with the second line of the enemy 
may be aided by their co-operation. 

“ This is the greatest of all the problems connected with the tactics of battles. 

“ It is in the resolution of this important problem that theory becomes uncertain 
and difficult in its application, because it here finds itself unequal to the emergency, 
and must always remain mferior to the spontaneous suggestions of a genius naturally 
warlike, or the instincts of an eye habituated by the practice of command to survey 
the turmoil of battle with a calm, intrepid, penetrating glance. To devise means at 
the decisive crisis of an engagement for the employment of a force composed of all 
the arms Gombmed in the greatest possible numbers (exclusive of a yery small reserve 
of each arm, which should always be kept on hand), is then the problem to the reso- 
lution of which every skilful General will apply himself, and according to the condi- 
tions of which he will regulate the movements and combinations of the forces under 
his command. ■ 

“Most commonly the decisive crisis of an engagement is the moment when the 
first line of one of the contending armies is broken, and when the utmost efforts of 
both are exerted — on the one side, in order to complete the victory ; on the other, in 
order to snatch it from the enemy. 

^ ‘ It is unnecessary to say that a simultaneous attack on the enemy’s flank will 
have a most xcowerful influence in rendering the decisive blow more certain and 
effectual.” 

The following sketch of the formation of an army for an attack, and of the manner 
of conducting it, is, with some alterations and abridgments, translated from Giusti- 
niani’s ‘Essai snr la Tactique des trois Armes.’ 

When an army approaches the position which it is intended to assail, and, as the 
ground opens, the distance between the columns of route is diminished, and the 
breadth of their fronts is gradually enlarged. 

When the advanced guards begin to feel the enemy’s piquets, an order of manoeuvre 
is assumed, by subdividing the columns of route, first into columns of divisions, and 
then into columns of brigades, between the heads of which, intervals sufficient for 
deployment are preserved. 

Within three-quarters of a mile or a mile of the enemy the formation of attack is 
developed.* Bands of skirmishers, supported by the cavalry and artillery attached 
to the divisions, are thrown out. Covered by the fire of the skirmishers and guns, 
Vide Apixsndix the masses of columns halt and deploy into line of contiguous columns, which are 
formed either simultaneously or successively on .a double alignment ; the reserve 
takes its station 1000 or 1200 yards in rear of the second line. 

When the enemy’s skirmishers have been driven back to a sufficient distance, the 
batteries advance and are established as close as possible to the hostile line. The 
infantry follows, and the cavalry attached to the divisions retires and takes xjost in rear. 
The enemy’s position is now vigorously cannonaded in its whole extent : such 
battalions of the front line as are much exposed to the projectiles of the enemy 
deploy, and wherever it is practicable to get within range, a fire of musketry is 
opened on the hostile line. 

These general demonstrations, when judiciously conducted, by pressing the 
enemy on several different points, are calculated to distract his attention, and 




* A column of 30,000- infantry marcliing on a single road, witli full distance between its \ 

sections, occupies about S700 yaixls. From two lioxirs to two lio\irs and forty minutes will bo I 

required to enable tbis force to deploy on a double alignment, one-half of the force to the j 

right, and the other to the left of the road. | 
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to give a -wrong direction to the movements of his reserves. KeaawMle, preparations 
are made for a decisive ejffbrt ; for this purpose a favourable point is selected on 
wbicli the fire of the artillery reserve is suddenly concentrated ; -under cover of this 
chap, vii, art. 46. fire, aiTangements are made to precipitate an overwhelming force on the troops by 
which it is defended. 

This force should consist both of cavalry and infantry. 

The order for it to advance should not he given until the enemy’s line shews 
symptoms of being shaken hy the cannonade. 

At length it is perceived that its fire begins to slacken, or perhaps some indications 
are observed of an intention to effect a change of position. 

This is the critical moment to command a charge. 

According to circumstances, either the cavalry or infantry may lead. When the 
cavalry leads, the charge is executed in several successive lines. 

If the troops attacked have not time to form squares, or if the squares give w^ay, 
not only -ftill the position be carried by this method of attack, but the infantry 
defending it will be ridden down and destroyed. 

Columns of infantry formed at deploying distance should follow the cavah'y. 

According to circumstances, these columns may either continue their advance, 
deploy on the position they have won, or, if to save his broken infantry, the enemy 
bring forward his reserves of cavalry, they must form square so as to enable the 
squadrons dispersed in pursuit to be collected and re-formed in their rear. 

Should it be detennined to employ infantry to carry a position, a line of battalion 
columns, connected by skirmishers filling the intervals, is the formation which seems 
to combine the greatest number of advantages. 

The cavalry deployed on the fiank of the line of columns is ready to repulse any 
attack of the enemy’s cavalry. 

If on the near approach of the attacking columns the troops defending the position 
give way, the cavalry must endeavour to cut off their retreat, and effect their 
destruction by a charge. If this cannot he effected, the infantry columns will halt, 
the guns and second line will move forward to their support,* and preparations will 
be made either for maintaining the ground that has been gained, or for a further 
advance, as circumstances may pequire. 

The general views contained in the following extract from Laisne’s * Aide-Memoire 
Portatif ’ will serve to connect together the preceding sections, and to conclude the 
subject of Attack and Befenck 

“All the comhinatidns for the conduct of an army in a battle may be reduced 
to three systems, 

“The first system, which is purely defensive, consists in awaiting the attack of an 
enemy in a strong position, -vvdthout any other design than that of maintaming 
possession of the ground. 

“ The second, on the contrary, which is entirely offensive, consists in marching to 
attack the enemy wherever an enemy can he found. 

The third is a middle term between the two others ; it consists in choosing an 
advantageous field of battle, awaiting the attack of the enemy, and seizing during the 
combat a favourable opportunity to assume the initiative. 

* ‘ It is only the two last systems which can he advantageously adopted. 

“ Hegarding the application of these two, the following rules may he laid down as 
generally, though not absolutely and invariably, true: — 


* In obiidUotnig an attack, care must he taken not to compromise the foot artillery. It may 
he placed sd as 1;4 -af&jrd efficient support to the troops without following too closely the 
attacking Frixis VArt de la Guerre, chap, vii, art. 40. 
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^‘1. Witli troops accustomed to war and in an open country, it is always most 
advantageous to assume the initiative, and to act on a system purely offensive. 

* ^ 2. In a difficult country, witlx well-disciplined and oToedient troops, it is perhaps 
most advantageous to await the attach of the enemy in a good position previously 
selected, and not to assume the offensive until the enemy’s troops have hy their first 
efforts, to a certain extent, exhausted their strength. 

3. The strategical position of the two parties may render it indispensable for one 
of them to attach by main force tbe position of his adversary, without any reference 
to local considei'ations ; for example, this may be necessary, to prevent the Junction of 
two corps, to fall upon a detached portion of an army, or to overwhelm an isolated 
corps on the further banh of a river.” 

C<>mhmcAimz of tlieThTm Arm iih the 

The general principle for the regulation of these combinations is laid down in 
Gfiustiniani’s Ninth General Rule— 

‘‘ In manoeuvres and march manoeuvres, in order to facilitate the simultaneous 
movements of the three arms, it is neeessai'y carefully to avoid obligmg any one of 
them to adopt the rate of march peculiar to the others.” 

In route-marching on a high road the infantry march at the head of the column, 
next come the artillery and baggage, and the cavalry bring up the rear ; the hours of 
commencing the march are so regulated that considerable intervals may separate 
each species of force. 

When manoeuvring in presence of an enemy, the three arms should not be mingled 
in tbe same column, but each arm should move on the point where it is to form in a 
separate column j the cavalry generally being in the flanks, the infantry in the centre, 
and the artillery between the cavalry and infantry, and also, when the infantry 
columns are numerous, in the intervals between the columns. 

When cavalry manoeuvres in front of infantry, the infantry ought to be formed in 
battalion columns at deploying distance. If the cavalry be beaten, the broken 
squadrons retire through the intervals of the columns which form square, and oppose 
by their fire the pursuit of the enemy’s cavalry. 

When, on the other hand, infantry manoeuvres in front of cavalry, the cavalry 
ought to deploy in their rear, ready to cover by a charge the retreat of the infantry. 

In the movements of lines, whether executed by the fractions moving alternately in 
chequer or successively in ^jchelon, the artillery is so distributed as to Are by alter- 
nate divisions- The cavalry is kept in readiness to debouch either by the flanks of the 
line or by tbe intervals between the fractions of which its formation is composed. 

The retreat of a line retiring by alternate or successive fractions is greatly 
facilitated by a sudden and judicious display of cavalry, 

“In all offensive movements, and especially in the passage of lines to the front, 
the artillery supported by cavalry precedes the infantry, and covers the movement 
by the formation of batteries in a lateral and advanced position, so as to bring 
a cross Are to bear on tbe enemy. 

“If, on the other hand, it is required to effect the passage of lines in retreat, a 
portion of the artillery is placed in a good position in rear,— the remainder continues 
its fire until the first line of troops begins to retreat, and then follows the movement. 
The cavalry is kept in readiness to check the pursuit by a charge.” 

In changing the direction of a lino, a strong battery is first established on the 
pivot flank. 

When the change of direction is to the front, the cavalry takes post on the outer 
flank, and follows the movement. When the change is to the rear, the cavalry 
masks and covers the movement by deploying on the old aligxxment. 
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dONCLXrSIOlT. 

A sketcR Has now been given of tbe principles wMeli ongbt to regulate tlio 
combinations of tlie three arms. It cannot be doubted that the proper application 
of these principles exercises a very important influence on the result of battles. 

But however highly this influence may be estimated, it must be admitted that 
there is much truth and force in the following remark of J omini 

<‘¥ictory does not always depend on the superiority of the arm employed, but 
equally on a thousand other circumstances. The courage of the soldiers, the 
presence of mind of the general, a weU-timed manmuvre, cold, heat, rain, and even 
mud, have all contributed to reverses and successes. Let us then, conclude, as a 
general maxim, that a brave man, whether on foot or on horsebackj should always be 
able to get the better of a coward.” 

■ ' ' APPENDIX A. 

Formations foi* Aitach 

1. Cavalnj,-~-^h& formations which are most suitable for the execution of charges 
against cavalry, infantry, and artillery, are explained in the article Manceuvres of 
Cavalry.’'. 

% Infantry, ^In arranging a mass of infantry for the attack of a position, one or 
other of these four systems of formation must necessarily be adopted : 

1. It may be formed in a line consisting ot two or three ranks. 

2. In a line of battalion columns. 

3. In a mass of columns. 

4. In a line partly deployed and partly in column. 

Concerning the first of these tee systems, Jomini writes “ Is it possible^o 
conduct the march of an immense line, consisting of battalions deployed and firing 
as they march ? I believe that it is not. To set in motion, with ^the view of carrying 
a well-defended position, twenty or thirty battalions formed in, line, and keeping up 
a fire either by files or by divisions, is to resolve to arrive at the position in disorder, 
like a flock of sheep, or rather it is to resolve not to arrive there at all” 

Concerning the third system, he says, “This is certainly the formation which is 
least suitable for leading troops against an enemy. We have seen in the last wars 
divisions of twelve battalions deployed and heaped on one another, forming a mass of 
thirty-six crowded ranks. Such masses are exposed to the ravages of artillery, —they 
impede freedom of movement and the communication of a forward impulse, without 
contributing anything to stability and strength. The adoption of this formation was 
one of the causes of t^e failure of the Erench at Waterloo ; and if Macdonald’s column 
succeeded better at Wagram, it paid dearly for its success j nor is it probable that 
this column would have extricated itself victoriously from the situation in which at 
one time it was placed, had it not been for the favourable issue of the attack of 
Eavoust and Oudinot on the left of the Archduke.” 

The second and fourth systems are both spoken of with approbation by Jomim. 
ITe says, ‘ * Of all the experiments which I have seen to ascertain the best formation 
for leading infantry against an enemy, that which seemed to me to succeed the best 
was the march of twenty-four battalions in two lines of battalion columns formed at 
deploying distance. ' The first line advanced at the quick step, and, on arriving within 
twice the range of musketry, deployed in double time. The light companies of each 
battahon extended to cover the formation ; "when it was completed, the other com- 
panw eem^epeed file-firing. The second line followed the first, and the columns 
6ompo|ln^it,i posing through the intervals left by the light companies, threw them- 
selves on the ene^jjF. It is true that this was not done in presence of a real enemy , 
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but it seemed to me impossible that anything could have resisted the double effect 
of the fire of the line and the impulse of the columns.” 

The columns considered by Jomini most eligible for the purposes of attach are 
columns of grand divisions formed on the two centre companies of battalions, con- 
sisting of eight companies, each of three ranks ; this gives a depth of twelve ranks to 
the coliimn : ten ranks will be the depth of a column similarly formed by a battalion 
of ten companies, each consisting of a double rank. 

AFPENBIX B. 

On the Disirihntion of Troo^w formed ona douUe Alignment. 

1. Gavah'ij.--^ All tacticians agree in thinking that when cavalry is formed on 
several alignments, the general officer who commands any portion of the front line 
snust also command the corresponding portions of the lines in its rear, 

Jomini says, “ In deploying a division of two brigades it would be wrong to place 
one brigade in the front line and the other in its rear ; the proper arrangement would 
be to place one regiment of each brigade in the front line, and the other regiment in 
the second : thus each unit of the line would have its own reserve immediately in its 
rear, an advantage which is by no means to be undervalued, for in cavalry charges 
events succeed one another so rapidly that it is impossible for a general officer to be 
master of two regiments deployed.” 

2. Inf miry. — It is a disputed point whether it is better to deploy a division of 
infantry on a single alignment, or to deploy one-half on the first line and one-half 
immediately in its rear on the second. The advantages of deploying each division on 
a single alignment are-- 

(1.) Changes may be made in the disposition of one of the lines, and portions of it 
may be removed from one flank to the other without reference to the disposition of 
the other line, and without destroying the unity of a division by separating its halves. 

(2.) In effecting the deployment of a column composed of several divisions, the first 
line will be formed more quickly if all the battalions composing the divisions at the 
head of the column deploy on the same alignment, than if the first and second lines 
be formed simultaneously by the divisions successively deploying one-half on the first 
and one-half on the second alignment. 

The advantages of deploying a division on a double alignment, and placing one-half 
i in rear of the other, are-— 

(1.) The troops in front and those in rear being commanded by tbe same individual, 
those in front will he more promptly and effectively supported than if the officer 
commanding the first line had no command over the troops iu his rear. This 
i advantage is considered by Marmont as conclusive. 

(2.) The whole of the divisional artillery may be placed in battery in the front line 
without any part of it being separated from the division to which it m attached. 
Giustiniani, who discusses this question very fully, thus sums up the argument 
Both methods may be good, and on any particular occasion the circumstances of the 
ease must determine which is to be preferred. For example, in an open level country, 

I where a contiguous line of battle must be formed, the whole of a division should he 

deployed on a single line ; in a hilly, woody, broken country, on the contrary, where 
the line of battle must be formed of detached parts, it may frequently be preferable 
to form a division in a double line, for it must be admitted that It is impossible to 
exercise an effective superintendence over a great extent of front broken by the 
accidents of ground, such as ravines, ditches, woods, &c ” 

I A, EoBEnTSox. 
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TAMBOUR— TELEGRAPH. 


TAMBOUE.'^— A as its name imports, especially relates to tlie protec- 

tion of gateways or otlier means of access to works ; and altliongli this description of 
defensive work is more generally considered in the character of a temporary expe- 
dient (and is included by French writers as a ‘ rediiit en charpente’) than as forming 
a part of permanent construction, it is so applicable in retrenching the places of arms 
of a covert- way, for covering the pas de souris, and descent into the ditch of a fortress, 
and in detached lunettes, as well as in covering the entrance of small forts, when a 
tenaille or ravelin could not he adopted, that there appears no reason why on such 
occasions the line of cover should not he a hrick wall instead of a stockade. 

The tambour figure has sometimes been a segment affording a converging fire ; but 
it is much better to give it an angular form, cutting off portions of the angles about 
six feet on each side, if it he desired to ohtain direct fire on their capitals. The best 
figure for a tambour is that of two faces and fanks, returned also to the gorge if 
necessary. Gfenerally, the faces should he at least 30 feet long, and the flanks 20 to 
25 feet. 

The exterior should, if possible, he flanked from some part of the principal or a 
collateral work ; and with a pointed ditch in front ; or surrounded by a row of short 
palisades, to check an enemy under the fire from the tambour. 

' Tambours en charpente are constructed of squared or sided timbers placed close to 
each other, planted vertically about 3 or 4 feet in the ground, and rising about 
8 feet above it. The scantling should be 7 inches thick, if of oak or hardwood, 
and about 10 inches thick, if of fir. The stockade thus formed is pierced by two rows 
or tiers of crenels, or common narrow-mouthed loopholes, the height of which will 
depond upon the desired line of fire j but, as a tambour is of low relief or profile, not 
intended for command, the lower row of loopholes may be about 3 feet, and the upper 
tier 4 feet 4 inches above ground, with intervals of Sf or 4 feet,*— the upper crenel 
being over the centre of the lower interval. 

It is desirable that the interior line of tambour should be covered by a blindage 
sufficiently strong to resist the effect of grenades, thus forming a gallery about 6 feet 
wide, the roof being supported on a row of inner columns. This or some less sub- 
stantial shed-roof is especially desirable for all stockades or advanced musketry 
retrenchments in countries subject to heavy falls of snow, so that the banquette may 
be always in a state to be manned by infantry. 

Although tambours are usually made of timber, it may be advantageous in some 
cases to adopt more permanent construction for this description of small defensive 
post ; and then a crenelled wall of hrickwork, with a groined corridor, having a 

ridge or batardeau-like top, will he preferable to a temporary construction. 

A permanent tambour, to serve also as a guard-house to a re-entering place of 
arms, was constructed in the covert-way of Quebec citadel, on the suggestion of the 
Inspecbor-Greneral of Fortifications in 1842 ; and tamhonrs of temporary construction 
were recommended by the Duke of Wellington, in front of the gateways of barracks 
in Ireland, in 1843. —F. F. 

TELEGEAPH, ELECTEIC. — See ‘Yomio EhEornioiTT.’ 
TELEGRAPH, PIELD.'j*— f« The telegraphs were composed of a mast and 

* By the late. Major-General Fanshawe, R. E . 

t From relative to the lines thrown up to cover Lisbon in ISIO.’ By Major- 

General Sir Jehu Bari, K.C.B. RE. 
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yard, from wMcH latter balls ^ were suspended : tbe vocabulary used was that of tlie 
Kavy, many sentences and short expressions peculiar to the Xand Service being 
added. These telegraphs readily communicated with each other at the distance of 
seven or eight miles | but in consequence of the ranges of hills interrupting the view, 
it required five principal stations to communicate along the front line.”— (/S^ee article 
‘Fortification, Field,’ voL ii. p. 29.) 

The telegraphs were worked by a party of seamen. 
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General Description of the Universal Telegraph, 

For the day signals, the telegraph consists of an upright post of moderate height, 
of two moveable arms fixed on the same pivot near the top of it, and of a mark, 
called the indicator, on one side of it. (See Plate I, fig. 1.) 

Each arm can exhibit the seven positions 1, 2, 3, 4, 5, 6, and 7, exclusive of its 
quiescent position, called * the stop,’ in which it points vertically downwards, and is 
obscured by the post. Fig. 1 also represents the telegraph exhibiting the sign 17, 
the other positions of which the arms are capable being dotted. The indicator merely 
serves to distingnish the low numbers, 1, 2, and 3, from the high numbers, 7, 6, and 
0, so that this telegraph is not, like most others that have been proposed, liable to 
ambiguity or error when viewed from different points in contrary directions. ^ 

The use of the indicator will appear more evident, on considering the resemblance 
between the small Eoman letters b and d, or p and q, which, if viewed in contrary 
directions, like telegraphic signs, could never be distinguished one from the other, 
without some additional mark. 

Fig. 2, Plate L, represents the telegraph fitted up for maHug nocturnal signals. 
One lantern, called the central light, is fixed to the same pivot upon which the 
arms move. Two other lanterns are attached to the extremities of the arms. A 
fonrth lantern, used as an indicator, is fixed on the same horizontal level with the 


I * Balls constructed of wicker or basket-work are frequently used, and at a little disbmee 

( appear solid ; hence they may be made by Sappoi'S, in the manner of gabions or hurdles, See 

figs 1 and 2. — Pdiiors. 

t By the late Lieiit-Gencral Sir Charles Pasley, K.O.B., & RE. 

X The idea of the indicator, which was not a part of my original plan, but without which I 
■: am now of opinion that no telegraph is porfeet, suggested itself in consequence of a i-emark 

I made by my friend Captain John Tailour, of the Royal Navy, who informed me that ho had 

I exijcricneed the greatest inconvenience in using Sir Home Popham’s sliij) semaphores, from, 
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central liglitj at a distance from it equal to twice the length of one am, and in the 
same plane nearly in which the arms revolve. Hence the whole apparatus consists of 
two fixed and of two moveahle lights, four in all 

The number of telegraphic signs, comhinations, or changes which this telegraph is 
capable of exhibiting are only twenty-eight, but these are amply sufficient for every 
\ purpose of telegraphic communication, whether hy the alphabetical method, ‘ or in 

[ reference to a Telegraphic Dictionary of words and sentences. These signs are 

represented in Plate II. in a double column, shewing the appearance of the same 
I *' combinations, both by day and night. 

I In some few of the nocturnal signs, itwill he observed that one of the lights is 

I marhecl blach. This only happens when one of the moveahle lanterns is supposed to 

I he in its quiescent position, hanging vertically down below the centre light. In this 

case, as the lantern may he exhibited on either side of the post, it may sometimes he 
seen and sometimes not by the distant observer.* At first I proposed to interpose a 
couple of screens, one on each side of the post, to hide the lanterns altogether, when 
in this position. Afterwards that idea was abandoned, it having been found in 
practice that it made no difference, in regard to the clearness of the signs alluded to, 
whether the moveable lanterns were seen or obscured when in the position denoted by 
i1 the blade circles. 

The indicator, both hy day and night, being merely a inarlc and nothing more, 
wbieb, when once seen, requires no further attention to be paid to it, — and the central 
light by night and the post hy day being also merely guides to the eye, —the signs of 
this telegraph are, in reality, composed of the combinations of two iiioveable bodies 
only by day and of two moveable lights only by night, being the smallest number of 
parts with which an efficient telegraph can possibly be formed : and in this diminu- 
tion of the number of combinable parts, as well as in the unity of plan, consists the 
superior simplicity of this telegraph, as compared with other efficient telegraphs that 
have been proposed. 

The Mechanical Construction of the Universal Telegraph, (Plate I. figs. 3 and 4.) 
The arms and the indicator for the day signals are made of wood, framed and 
panelled, for the sake of lightness, f The indicator plays in a mortise cut in the 
upper part of the post, and is let down into its horizontal and raised into its vertical 
position by means of a small rope and a small pulley. The arms must be fixed 
externally, one on each side of the post, and must he exactly counterpoised by means 
of light frames of open ironwork, which become invisible by day at a little distance, 


* A gimt difficulty is hitherto said to have attended the niglit signals in the Royal Navy, in 
Consequence of the embarrassing circumstances of one or more of tlie lights exMbited being 
liable to be extinguished by eddy winds thrown off from the leaches of the sails in stormy 
weather. ■ 

Admitting that this diffioffity should prove insuperable, upon which point I shall not x^re- 
sume to decide, a question arises as to the best and simplest mode of guarding against mistalces 
arising from this cause, which in general signals, relating to manoeuvres, might lead to unplea- 
sant, if not to pernicious, consequences. An effectual remedy for this evil (in fact I see no 
other) is to make a rule of never exhibiting any sign with fewer than four lights. This being 
understood, if the signal-men who receive a message should at any time observe fewer lights 
than four, they will know that an accident has occurred in consequence of the wind, and they 
vrin therefore take no notice of the apparent sign displayed until the complete mimber of four 
lights again appears. 

This arrangement can be adopted in regard to the nocturnal telegraph by exhibiting the" 
in'* l|ulesc6nt light always in front of the post when two ships only are telegraphing to each 
" a little to one side of it in telegraphing both to the front and the rear ; also by 

disushsg the sign called ‘the stop,’ in which two or three lights only appear, and exhibiting 
one of always in lieu of it. 


f In a rerf -MtelljaEiiat# pktes of light copper may bo used for the panels. 
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and wEicli, even, wlieii viewed closely, do not imi3airtl]ie clearness of tiie telegraplaio 
signs. Tliis precaution is absolutely necessary, otherwise tbe arms will not remain 
in any given position witliont being lield by the band or stopped by some mecbanieal 
eontriyance, wbieb wonld be a very great inconvenience in tbe x^^aotice of signal-’ 
making. 

Motion may be cornmnnicated to tbe telegraphic arms by means of an endless cbaiii 
passing round and acting xipon a couple of pulleys, one of wbiob is fixed to tbe arm 
itself, and turns upon tbe same pivot, wbilsttbe other moves upon a pivot fixed to 
tbe lower part of tbe post. The chain consists alternately of single and double plates 
of an oblong form, and riveted together at tbe ends on tbe ixrinciiAe of a watch- cbaiu. 
The two pulleys at top and bottom being finished with great care, perfectly equal, 
and having projecting teeth or studs fixed in a groove in each to engage the double 
or open parts of the chain, the telegraphic arm above will always follow to a hair’s 
breadth the movements of an index or lever below, attached to the lower pulley, 
which has a dial-plate opposite to it, marked on the post, for the guidance of the 
operative signal-man,^' 

In the field, or on board ship, a leathern strap or a rope may he substituted in lieu 
of the chain, for the sake of economy ; but as these expedients are incapable of tbe 
same accuracy as the former, the signal-men, in working by them, must not trust to 
the indices, but must regulate the positions of the arms chiefly by the eye. The 
surface of the pulleys, when intended for a strap, must he moderately convex, those 
for the rope moderately concave, and both should he broader than when a chain is to 
be used. The leathern strap requires an extra pulley of a smaller size for xnessing in 
one side and tightening it when the telegraph is to be used. This pulley is fixed to 
a small lever attached to the middle of the post, and is thrown into action by a 
string. 

When a rope is used, three turns of it are taken round each pulley, hauling it taut 
at the same time, after which the two ends, being previously prepared with thimbles, 
or eye-splices, are brought towards each other and made fast by a lanyard, or smaller 
rope, passing through the eyes, t 

Wlien the strap or rope is used, the lower pulley, instead of having one short 
lever only, serving as an index, may have four such levers, so as to resemble a small 
windlass. 

At the end of each arm two light pieces of iron meet in an angle of 45 degrees, 
forming an open triangle, to the vertex of vdiich the moveable lantern (L) is attached 
by means of a pin. A cylindrical weight (W) must be fixed at the same time to the 
end of the iron counterpoise to restore the imoper equilibrium of the arms, which is 
of course deranged by the addition of the lantern (see figs. S and 4).$ As the lanterns 


- The cbain is first passed loosely round both pulleys, after which the pivot of the lower 
pulley is acted upon by a couple of screws to force it down a small vei'tical groove in the post* 
by which means the chain is tightened and rendered fit for use. I had a telegraph constructed 
ill this maiiuov at Chatham in 1817, by Mr. Robert Howe, Clerk of Works in the Royal 
Engineer Department, of which a model was sent to the Secretary of the Admiralty in 181 8. 

Hio above method of moving telegraphic arms by means of the lever and chain is much 
more expeditious, and also simpler in point of workmanahip, than the winch and wheel-work 
and endless screw-rods originally adopted for the same purpose in the Admiralty semaphores. 

In fact, in moving the arm from, one position to another the chain will work at least four times i 

quicker than the winch. 

t This contrivance ^vas used for working the Admiralty ship semaphores, Its great sim- 
plicity recommends it for the sea seiwico, although in other respects not the most conycniont 
method. 

i By this aiTangement of the ironwork which supports the lanterns, they always hang 
clear of it in the regular i^ositions, and tho iron countoipoises are made so much shorter than 
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and weiglits, and, in sEorfc, every addition necessary for exliibiting tlie nocturnal 
signals, are fixed at dusk, and removed by dayliglit, it becomes necessary, at permanent 
stations, that tbe roof of tbe signat-bouse over wMcb tbe telegraph stands should 
be formed with a small flat terrace, accessible by means of a ladder or staircase. 

In the intermediate stations of a permanent telegraphic line on shore two lanterns 
are required to do the duty of the centre light, one on each side of the telegraphic 
post, because one lantern can, of course, be seen in one direction only, owing to the 
intervention of the post. These two, as well as the two moveable lanterns, are fixed 
externally at a sufficient distance from the plane of the arms to prevent them from 
striking, as in fig. 4, in which G 0 are the central lanterns, L b the moveable lanterns, 
and WW the weights added to counterpoise them. 

The indicator light (I) may either he fixed to a separate post, as represented in 
fig. 2, or it may be attached to a rod (r), strengthened by a brace (&), and guy-ropes 
(g g)y as in fig. 3, which is an elevation of the Universal Telegraph, fitted '.up for 
night signals, on a scale larger than that of the former explanatory figures. The 
apparatus now alluded to, having only one lantern to support, may be made extremely 
light. The end of the rod drops into a small open mortise at the head of the post, 
and has a semicircular groove on its lower surface, which is engaged by a horizontal 
bolt driven through the sides of the post. A small rope fixed to the end of the rod, 
but omitted in fig. 3 for the sake of clearness, is made fast to a cleat upon the post 
below, to prevent the rod from moving. The foot of the brace is secured to the post 
by a plate and stud. 

This apparatus, which entirely depends upon the telegraphic post, and turns with 
it, may be fixed or disengaged in a moment, and is peculiarly adapted for ships and 
for field service, in which the length of the telegraphic arm does not exceed from 5 to 
6 feet. But at permanent stations on shore, where larger telegraphs would probably 
be used, the apparatus for supporting the indicator lamp should be a permanent 
fixture, to save the trouble of continually shipping and unshipping it. At such 
stations, if the signals were required to he made in various lines or directions, the 
pole for supporting the indicator lamp should be fixed to the post at bottom, so as to 
stand out from it obliquely, like a ship’s bowsprit, with lifts or ropes to support it, 
leading to the top of the post, and a couple of guys to secure it from lateral motion. 
Hence one oblique spar only would be itsed, instead of the two pieces (namely, the 
rod and brace) before described. But as there may be many stations in a telegraphic 
establishment on shore in which the signals require to be exhibited in one invariable 
line only, at all such stations the indicator lantern should be fixed to its own separate 
post, which may either be placed vertically (as in fig. 2), or obliquely, as may be 
considered most expedient.* 

Lamps for burning oil were subsequently brought to such perfection that a light 
of sufficient intensity for any distance suitable for telegraphic purposes might easily be 
obtained. In regard to form, when night telegraphs are adopted on shore, square 
lamps, having the two glass sides opposite to each other, so as to show light in two 


tho wooden arms that the former cannot obscure the lanterns as they revolve, Tbe open 
^ace in which tho lanterns hang when in number 4 position should be about IS inches high, 
if large ones are used. But as it may not always bo convenient to hicrcaso tho length of tlio 
arm so much, lot the ironwork project only 1 foot beyond the end of the wooden ami, and lot 
the latter have a hinge by which about 6 inches of it may double up in order to increase the 
■de^h of -aie open part for the night signals. See fig. 3, in which those hinges arc repre- 

* The oWqne position is of course only recommended when the roof of the signal-house is 
too small ts>.'i|c|mitof the indicator lamp-post being fixed vertically, which may sometimes 
happen. ' ^ r-.. 
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directions only, are the most proper. But for sea service the pattern called tlie 
‘globe lamp,’ wMcK vas generally adopted in tbe Royal Navy in lieu of the former 
signal-lanterns, appears to be decidedly tbe best. In this, tbe light is exhibited in 
every direction, tbrougb a very strong globular glass, to wbicb are fitted a copper top 
and bottom, pierced vitli ab'-boles.* 

In respect to tbe dimensions proper for tbe parts of tbe Universal Megrapb, we 
ascertained by experiment that tbe arms for tbe day signals should be about 1 foot in 
length per mile, in order to be distinguisbed by a common portable telescope of 
moderate power. This length is computed from tbe centre of motion to tbe end of 
the arm, not including tbe small part beyond the centre, called tbe bead. By tbe 
above rule, a telegrapHc arm of 6 feet in length may suffice for stations 6 miles 
apart ; but generally speabing, in telegraphs intended for permanent stations, where 
the saving of weight is less an object, it may be considered best to add a little to the 
dimensions thus found. 

The width of the arm need not exceed ^^tbs of its length, and should not be less 
than itb or |tb of tbe same dimension. The indicator for tbe day signals should be 
of tbe same width, but only |tbs of tbe arm in length. 

The height of the post should be such, that men, or other moveable objects, pass- 
ing near it, shall not obscure tbe indicator or arms, when the telegraph is erected on 
the decb of a ship, or in the field. But when ifiaeed on the roof of a permanent sig- 
nal-house, the projecting part of the post need not exceed the telegraphic arm by 
more than |rds of the length of the latter.' 

It is desirable in all cases that the telegraphic post should be capable of turning so 
as to exhibit the arms in various directions. ^ On board ship it must also be occa- 
sionally lowered. Hence it becomes necessary to step it upon a simple open circular 
joint of iron^ fixed to the ship’s side near the deck, and to secure it by an iron clamp, 
also of a circular form attached to the rail, nearly in the same manner as the ensign 
staff of a man-of-war is usually fitted. 

The telegraphs hitherto constructed upon this principle are of two sizes ; one 
having arms of 5 J feet in length, § with the lantern pivots placed GJ feet from the 
centre of motion ; the other having arms of feet in length only, with the lantern 
pivots 3 feet 2 inches from the centre of motion. The former are of a size suited to 
the largest class of men-of-war. The latter are perfectly portable, as the whole appa- 
ratus, including the night indicator, lanterns, &c., does not weigh more than SHbs. In 
clear weather, these small, telegraphs make signals distinctly at the distance of three 
miles. 

SupiJOsing that telegraphic signals should he required on a sudden emei*gency, in 


*■1 am informed that Lord Cochrane originally proposed the globe lamp, but the pattern to 
which I allude is considered an improvement. I have not been able to ascertain the name of 
the patentee or maker. The largo lamps of this description sold in Chatham, and the stage- 
coach lamps formerly used by the principal proprietors on the Dover road, were both seen 
distinctly at the distenee of 6 miles in clear weather.: 

t Having fixed the length of the telegraphic arm, there is in the signs exhibited thereby, 
as in the capital letters of the Roman alphabet, a certain proportional width not only pleasing 
to the eye, but which cannot be diminished beyond a certain limit without causing the 
characters to becomo indistinct. On board ship, where the: telegraph may often bo seen 
obliquely, a broad arm is more essential than at the fixed tele^ph stations on shore, where 
this inconvenience seldom occurs. 

X Because even at permanent stations, not required to make signals in more than one align- 
ment, the power of turning enables the sigiial-mon to adjust the arms and the chains, or 
other contrivance for moving them when necessary, without needlessly attracting the notice 
of the corresponding stations. 

§ Which coiTOsponds with the size of the Admiralty ship semaphores. 
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some aitaation where there may not he time and means for making well-finished tele- 
graphs, in the manner that has keen aescribed, I have ascertained by experiment, 
that the most expeditions and satisfactory arrangement wdll always he to copy the 
regular construction, as closely as circumstances will permit. A post, with two 
planks for the ar-ms, each worked merely hy a couple of strings without pulleys, wUl 
constitute a day telegraph, and the addition of lanterns, &c., will oouTert the same 
simple apparatus into a nocturnal telegraph. In both cases the arms must he coun- 
terpoised hy wood or iron, and also hy weights, hut in a rudei manner than was 
before described. , To adopt halls or flags for day signals, or an immojeahle rect- 
angular frame, with ropes and pnlleys, for supporting the lanterns, for night signals, 
which are the only other expedients that suggest themselves as a temporary amnge- 
merit, will, on trial, he found much less satisfactory than the rudest attempt at the 
counterpoised telegraphic arm* 

It is well known that telegraphs should generally be painted black, and that for 
l>ermanent stations they should always be erected, if possible, upon heights having no 
background.* 

Of a TelegmpMc Victwnaryi suited to tJie Universal Telegm^^ 

Several Telegraphic Dictionaries have been composed by different authors, but of all 
that I have seen, the one used in the Eoyal Navy, which was compiled by the^late 
Rear-Admiral Sir Home Popham,f appears, upon the whole, to be the most judicious. 
The numher of words and sentences contained in it does not exceed 13,000 ; and yet I 
have seldom observed a deficiency of any useful word. Another author has composed 
a Dictionary of a similar nature, containing upwards of ol,000 w'Ords and phrases ; 
and a third has composed a work contaming more than 140,000 words, phrases, and 
sentences. It may be observed in regard to this subject, that the extension of a Tele* 
graphic Dictionary beyond a certain limit is an evil, because, in proportion to the 
number and length of the sentences contained in it, it becomes so much the more 
difficult to find any of them without a vast loss of time. 

Hence the advantages held out hy the author of any very voluminous Telegi-aphic 
Dictionary must alw^ays be in a great measure nugatory, unless the place of every 
phrase or sentence contained in it could lie known by intuition, which is impossible. 

It is to be observed, however, that the comparative compendiousness of Sir Home 
Popham’s Telegraphic Dictionary is partly owing to a practice which he has carried to 
the greatest possible extent, but of which the other authors alluded to have availed 
themselves more sparingly, or not at all. I mean the system of classing under the 
same article of his Dictionary, and thereby representing by one common signal, all the 
forms of the same verb, as well as every noun, adjective, or advei'b that happens nearly 
to coincide in sound, or are connected in signification. Thus the words ‘agree/ 
‘agrees,’ ‘agreed,’ ‘agreeing,’ ‘agreeable,’ ‘agreeably,’ ‘agreement,’ ‘agreements, 
would all be denoted by one and the same signal, and comprehended under one article 
in Sir Home Popham’s Telegraphic Dictionary. 

It is retnarkahle how very few ambiguities this sweeping method of classing the 
words of our language will be found to occasion in practice, as may be ascertained by 
taking any sentences at random out of a book, and applying Sir Home Popham’s 
telegraphic phraseology to them ; and yet it cannot be denied but that serious mistakes 
may arise at times from this system. 

’ ^ Sometimes that inconvenienco is miavoidablc. Tlien their eoloin- should form a contrast 
Vn.^ Ihat, of tbe baokgroundi^ In certain situations tlie latter may vary at difi’orent periods 
of the diy. ' tn that case it has been found useful to paint the arms white and black in largo 
checkers, each occupying half the width and half the length of the arm. 

t And revised by a (k^mmittee of experienced Naval Of&cers, 
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For example, tlie plirases— Hliey are roBHag,’ UEey are robbed,’ aad ^tlieyare 
I'obbers,’ altliougli different in sense, would all be expressed bytbe same signal in 
Sir Home Bopbam’s Dictionary. Tbe phrases * a robber has been execntecl,’ and ^ a 
robbery bas been executed,’ would also be expressed by tbe same signal ; and the 
phrases * tliey are going,’ and ‘they are gone,’ -wonld likewise be confounded. 

It is farther to he remarked that Sir Home Popham’s Telegraphic Dictionary being 
necessarily confined to the nse of the Royal Navy, is not available for generfil service ; 
and even if this restriction did not exist, it is evident that if telegraphs were intro- 
duced into British India or into any other of onr foreign possessions, a number of 
military phrases and sentences, and a great nnmher of local words and phrases, would 
require to be introduced, which are not to be found in Sir Home Bopham’s book ; and 
at the same time it might he desirable to obviate the degree of ambiguity before men- 
tioned in that work. This would require every verb to be expressed in two forms 
instead of one, and some of tbe nouns, adjectives, and adverbs now classed under the 
same head with a verb, or with each other, to be expressed separately. For example, 
tbe word rob and others connected with it, which are at present all denoted by the 
same signal, might he divided into three distinct signals in the following manner 
1st. i?o&, ro6s, rolbrngf fo&5cry, roWcnes, and to follow the same rule in regard 
to other verbs, including the present tense, the infinitive, and active participle, under 
the same head, and also any noun of the same sound, or even of kindred meaning, 
provided in the latter case that it be an action, passion, or any tMng inanimate. 

2nd. Jtolheclf including always the past tense of the verb and the passive participle 
under one head, whether they be the same in sound or not. 

Srd. Robhe)\ vobbers^ and to follow the same rule in regard to personal nouns, 
keeping them always distinct from the verbs. 

It appears also advisable that the adjective and adverb, when different in sound, 
although of kindred meaning, should likewise be separated from the verb. Hence it 
■would be proper to separate the various words classed under the head apfrce, in Bir 
Home Bopham’s Telegraphic Dictionary, as follows 
Isfe, Agree^ agrees^ agneing, agreemmif agreements, 

2nd, Agreed. 

3rd. Agreeable, agreeably. 

If a select Dictionary on Sir Home Bopham’s principle were th’us dilated, it would 
in all probability increase the contents of the work j&om 13,000 to about 25, 000 woids 
and sentences ; and if the military and local phrases before alluded to were likewise 
added, it probably might swell the amount to near 30,000. Upon the whole, I con- 
clude that a judicious Telegraphic Dictionary, composed on the most comprehensive 
plan, so as to embrace every contingency of the public seiwice both at home and 
abroad, ought not to contain so many as 40,000. artleles. This inference may he 
considered the result of experience, inasmuch as it has been drawn from a careful 
comparison of the most elaborate works of that nature that I have been able to 
procure. 

Supposing a Dictionary of .this description to he composed, I would adapt it to the 
key of the Universal Telegraph in the following manner 
The Dictionary should be divided into five parts or classes, each containing one- 
fifth part of the total number of articles inserted. Thus, for example, if 30,000 
articles and 1000 blanks for unforeseen purposes appeared necessary, let each division 
of the book contain 6000 articles and 200 blanks. 

Of the 28 signs which the universal telegraph is capable of exhibiting, I would 


reject one, namely, position 4 of the day signals, in which one arm points vertically 
upwards in the direction of the post prolonged ; because it has been tirged, that unless 

i 
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"wliciL Tiewod by st vsry 6xp6rieiiGG(l 6y6, it is liable to be confounded wltli the post, 
so as to be mistaken for the position called ‘the stop, V in -which neither of the arms 
is she-wn."^ 

Of the remaining 27 signs, owe should be used m atphaMical preparative, one 
as a numeral preparative, and as dictionary preparatives, each of the latter 
referring to its own distinct part or class of the Dictionary. 

Thus there would be 7 preparatives, and 20 signs for general purposes. Each 
preparatiye would of course denote, not only the beginning of that word or sentence 
which is immediately to follow it, but also the end of the preceding one. 

In representing the letters of the alphabet by 20 signs, the letters I and J, the 
letters K and Q, the letters S and Z, and the letters TJ and V, would he coupled 
together ; but the letter F would require to be denoted by the two successive letters 
P H, and the letter X by the two successive letters 0 S or K S. 

The number of signals which may he made by three successive changes on the tele- 
graph, using the 20 disposable signs only, is equal to 8000, being the third power of 
20 ; but as the be^nuing of each signal must be denoted by a preparative, without 
which the signal is imperfect, if the above 8000 articles be combined with the five 
Dictionary preparatives before mentioned, it will be evident that by never using more 
than four changes on the telegraph for any article of the Dictionary, no less than 
40, 000' words and sentences may thereby be exhibited ; but, as remarked before, this 
number is greater than appears to he absolutely necessary in a judicious and well- 
composed Telegraphic Dictionary. — 0. P. 


TfiTE DE PONT . — Bousmard says »a Ute de poni ought to unite the pro- 
perties of a perfect defence of the river on both sides, to cover the bridge well, with 
space sufficient to contain the garrison, and furnish a free passage of a considerable 
body of troops, affording also facilities for their advance or retreat 5 of which fig. 1 is 
a good example. 


The Ute de pmt should also be of itself sufficiently strong to resist an assault. 

The construction will very much depend upon the nature of the ground and the 


* This sign is used to mark the end of a word when several successive signals are all made 
alphab^tieally. In the stoi? the indicator appears nearly equal in length to the upper part of 
In No. 4 position it is not quite half so long as the same part of the post appears 
to he Wlfeu'ifl^nged hy the addition of the arm. Hence the experienced or careful observer 
will hetween these two, No. 4 of the night signals is one of the most 
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object in placing tbe bridge, wbetlier for a permanency or for temporary purposes : if 
tbe former, some care must be taken in tbe construction, and if tbe ground is very 
low, tbe ditches may be wet, as explained in fig. 2. 



"Works to cover bridges of stone or wood, of a permanent nature, may be made of 
some existing buildings, loopboled and barricaded on botb sides of tbe river, and 
artillery planted on tbe near side of tbe river to fiank and protect tbe advanced 
works ; tbe object being to prevent any small bodies of tbe enemy destroying tbe 
bridge, and thus interrupting tbe communication. Fig. 3 is another example of a 
permanent bridge-bead with wet ditches on a more extended scale. 







Fig. 4 represents the plan of e. Ute de pont combining the more permanent with 
the temporary, for the passage of a large army, having three bridges to cover, of 






‘too 200 8<?0 ’♦oo goo VOS. 


which two would I e temporarily laid for tbe purpose, formed from tbe Bridge E<imp- 
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ment of the Army, and wMcIi Tronld be removed when tbe troops had passed, whilst 
the centre one would be so far permanent as might be necessary to secure the com- 
munication and supplies, and formed of materials obtained on the spot ; and the 
inner bridge-head constructed with more care than the outer works* Emplacement 
for Field Artillery would be prepared on the near side of the river to flank the works 
oi Qie Ute de 

For the construction of works of this nature, seethe article on ‘ Fortification, Field,’ 
as the rules explained therein apply equally to the 

The following should be attended to in the selection of sites as well as in forming 
the works : 

The bridge-head should admit of a defence until all the troops have passed. It 
should cover the bridge from the enemy’s artillery. If there are islands in the river, 
they may be fortified with advantage. — G-. G. L. 


TROUS DE LOUP, 


•The application of tfous de loups has been already 
explained in the article ‘ Fortification, Field,’ in an extract from ‘ Memoranda on the 
Lines before Lisbon, in 1810,’ by the late Major-General Sir John Jones, Bart. : their 
construction is represented in the annexed figure. —(See vol ii. p. 27.) 


TOLTAIC ELECTRICITY * 

The essential parts of an electric telegraph are the following : — 

1st. The Source of Electricity , — This may he a voltaic battery, or a magneto- 
electric machine ; the former is more usually employed. 

2nd. The Conductor, which is composed of a metallic wire connected with the 
source of electricity and with the instruments to which it conveys the electricity, and 
so insulated from other conductors that the electricity will pursue the desired course 
with the least possible loss, when the voltaic circuit is completed, either by a second 
wire, or, as is invariably done in practice, by connection with the earth at each end. 


By Captain Sehaw, R,E. 
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Srd/^Vie wliicli mxisfc eaoli consist of two parts, oae for recemng tlio 

currents of electricity and making evident to tke senses the signals which they convey, I 

the other for transmitting signals to distant stations, j 

1st. /S'o?«rce 0 / Various descriptions of voltaic Mtteries are in use 
for the purpose of telegraphy. That known as ‘Wollaston’s battery was at first gene- I 

rally employed, but it has now given place to other forms which are superior to it in i 

the constancy of the currents they produce. , I 

In cases where portability is a desideratum, however, the Wollaston battery is still ’ 

used; the ordinary form is shown in Fig. 1, twelve cells being united in a trough, 

'■ Eiga. 



made of gutta-percha, the plafces are alternately copper and zinc, the latter amalga- 
mated with mercury, and are 84 x 44 inches, the cells are Hed with fine silioious sand 
(free from carbonates), and moistened with sulphuric acid diluted with water in the \ 

proportion of This battery developes a powerful current of electricity when first ji 

made up, but it is very inoonstaut, and after being in use for a certain time, varying j 

according to circumstances, it loses its power from various causes, the sand must g 

then be washed out, and the battery made up again with, fresh solution and the zincs I 

re-amalgamated. | 

The great defect of the simple combination of zinc and copper in dilute acid, is that i 

the bubbles of hydrogen gas resulting from the decomposition of the water by the ■■ 

electric force, adhere to the copper-plate, and being very bad conductors of electricity, !' 

the power of the battery is very rapidly diminished when it is put in action ; more- \ 

over, the hydrogen being in what is termed the nascent state, combines very readily | 

with the oxygen of the sulphate of zinc, produced by the action of the battery, and | 

metallic zinc is thus deposited upon the copper-plates, and so, similar metals being | 

opposed to each other, the action of the battery ceases. Many methods have been j 

adopted to get rid of the hydrogen. In C4rove’s and DanieTs batteries it combines I 

with the oxygen of the solution in which the electro-negative metal Is Immersed, In 
Smee’s, and its kindred forms of battery, the hydrogen is assisted in escaping from 
the negative plate by giving it a rough siirface presenting a multitude of small points 
from which the bubbles separate easily, 1 

The sand is chiefly useful to prevent the acid from spiiUng when the battery is } 

moved about, it tends also to make the action of the battery more regular ; but it 
should not contain carbonates, such as carbonate of lime, or a chemical action takes 
place with the sulphuric acid which is detrimental to the battery. 


In the best form of this battery a small gutta-percha pipe is inserted in each cell, 
extending down to the bottom ; through this, fresh diluted acid is poured in from time 
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to time to make up for waste by evaporation. By thus introducing tbe fresb acid at 
tbe bottom of tbe cell, wbere tbe heavy sulphate of zinc gravitates, a moi*e regular 
action is obtained. If the sulphate of zinc be allowed to accumulate in the lower part 
of the cell, a ci'oss voltaic current is established between the upper and lower portions 
of the plates which are in solutions of different strengths. The effective current in 
circulation is thus diminished, and the upper portions of the zinc plates are rapidly 
dissolved away. 

'ibS. ■; OZ, ' 

The weight of the battery Is (without sand or liquid) . .14 14 

\ ^ '"-a with sand . V . ... . 22 0 

„ ,, sand and liquid . . . . , . 23 124 

it requires about lib mercury and 2 pints acid per annum. 

In America ‘^Qrove’s” battery is extensively employed. This is the most powerful 
form of battery, producing currents of electricity of great quantity and intensity, but 
it does not appear to be well adapted for the purposes of telegraphy, as it is very 
expensive and troublesome to keep in order ,* and by using a few more cells of a less 
energetic, but simpler and cheaper, and at the same time more constant, battery, we 
can produce an electric current of sufficient intensity to overcome the resistance due 
to long wires, and having at the same time a sufficient quantity to influence effectually 
the delicate instruments used in telegraphy. 

Big. 2, shows the form of Grrove’s battery used in America ; e is tbe porous earthen- 
Big. 2. ware ceil containing pure nitric acid, it is inches high and 

li inch in diameter. In this cell the strip of platinum foil, 

1 immersed ; it is soldered at b to the projecting arm a of 

the zinc cylinder f. The zinc is about 4 inches high, and 
^ in weight, it is placed in the glass cell G,, containing 
i' m 1 1 ^ilnte sulphuric acid in the proportion of g’jj. To keep this 

' ^ J ii IBfe battery in effective action it is necessary to take it to pieces' 

every night and to clean the zinc plates, and to add .^^th 
pure nitric acid every morning. The dilute sulphuric acid 
is renewed twice a week, The zincs require renewal every three months. (Shaffner’s 
Telegraph Manual.’*) 

“Smee’s” battery is the cleanest and most generally convenient form for experi- 
mental purposes, but it is too expensive to be employed generally as a source of 
Fig. 8. electricity for the telegraph, and 

the platinised silver plates require 

. Jil jpBI. _pBI however, used largely in America ; 

it is shown in flg, 3. The form is 
simple and convenient, and it has 
Been adopted for the local batteries 
of the government telegraphs in 
'Australia.: 

A, is a bar of varnished wood, 
or other insulating material, froffi 
which the plates of zinc and pla- 
, , ; ; , tinisod silver z aud p ato suspcnded 

by the clamps and binding screws 
B B. The zinc and |l#Mxsed .silver plates are sometimes placed on opposite sides of 
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the bar A, as ia the upper figure ; t rare the glass cells centaining dilute sulphuric 
acid. The zinc plates stand in cups of mercui^ m h, and theix* amalgamation is thus 
ensured. This form of battery re<iuires to be taken to pieces, the zinc plates cleaned, 
and the solution renewed about every three months. The zincs generally last a year, 
and the platinised silver, if carefully handled, will last many years. 

Another battery on the principle of Smee’s, which is very powerful and moderately 
constant, is obtained by a combination of platinised graphite and amalgamated zinc. 



This battery has been substituted for the Wol- 
laston, or sand, battery, on the London and 
South Eastern Kail way, and answers well. It 
is shown in fig. 4. The slabs of graphite 
(which is carbon in a nearly pure condition) 
are obtained from the refuse of gas works ; 
some difficulty is experienced in cutting them 
to the re<iuired form, and the graphite and 
copper eonnecting bands must be tinned at the 
points of jxmction to ensure the adhesion of 
the solder. 

The first manufacture of these batteries, and their repair when the zincs are worn 
out, are somewhat troublesome j but when the necessary appliances are at hand they 
can be cheaifiy made, and are being largely introduced into use for telegraphic pur- 
poses. They are made of two sizes according to the purpose for which they are 
required, A few cells of the larger size, in which the plates are x S'' in quart jars, 
being used for local batteries when electricity of quantity is required ; and a larger 
number of the smaller size plates, 6" x 2" in pint jars, for the main current on the line. 
The zincs are amalgamated and placed in gutta-percha sHppera s s, filled with mercury# 
Tliis arrangement keeps up the necessary supply of mercury to prevent local action. 
For Ml description, vicZc ‘‘ Walker’s Electrotype Manipulation,” Part I. 

Daniel’s constant battery is the most generally used in England, and on the con- 
tinent of Europe. The arrangements of the different parts of the battery vary consider- 
ably. The form generally adopted for the French telegraphs is shown in fig. 5, The 
French battery is made of two 

a 



sizes ; in the smaller the zincs 
are about 12 centimetres high, 
in the larger they are about 20 
centimetres in height ; the 
former are used for the line 
current, and the larger for the 
local batteries. The copper 
elements n, being in contact 
with the porous cells, the latter 
become encrusted with metallic 
copper after some time, and 
must be renewed every six 
months on an average. 

To put the battery in action the outer cell is first filled with simple water, and the 
porous cells e with a saturated solution of sulphate of copper, some crystals of which 
are left on the perforated copper disc J > ; after a short time some of the sulphate of copper 
passes through the porous cells, and diminishes the liquid resistance in the outer cells, 
but at the same time copper is precipitated as a black powder upon the zinc. This, 
however, does not materially affect the working of the battery, which is very constant. 

. YOIi. 'in.'" \ ■ ■ ■' T T ■■■ 
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Fig. 6 stows a loDgitndinal section ttrongli one end of Mnirliead’s battery, tte form 
of Daniels’ battery now generally used for telegraphs in England. The endosmosis 

tlirongli the porous cells is checked in a great 
measure by greasing them, except on the 
portion which is opposite to the jsinc plate j 
this increases the liquid resistance and re- 
duces the power of the battery somewhat, but 
it is conducive to economy, effecting a saving 
of 40 per cent, in sulphate of copper. The 
zinc plates are abont 4'^x 2", the copper plate 
is about 4" x S". The porous cells, p p, are 
filled with crystals of sulphate of copper 
and water ; a very dilute solution of sulphuric 
acid in water is used in the outer cells, o o, 
which are of white porcelain, and are luade in 
pairs. Five such pairs are enclosed in a strong 
wooden box with a cover, as shown in the figure. 

At Chatham a modified form of Daniel’s battery without porous cells is used. 
The battery is arranged in a gutta-percha trough containing twelve cells, such as is 
usually employed for the zinc and copper sand battery” shewn, in fig. 1. 

The copper plate (c, fig. 7) is placed below the zinc plate (s) in each cell, and 
the copper is bent in the form shown in the drawings, crystals of sulphate of copper {§) 
being placed between the two “ leaves” of the copper plate, 

A portion is cut off one end of the upper leaf of the copper, and the zinc is made to 
correspond in size with the upper leaf, leaving a small space (o) at the end of the plate, 
through which the crystals of sulphate of copper can be dropped in from time to time. 

■ The zinc plate is cast in the form of a parallelopipedon, with a projection (p), to 
which the copper strip is rivetted, -which connects it with the copper plate. Some- 
times ** rolled zinc” is used, and in this case the ifiates are cut out of the sheet with 


Fig. G. 



Fig. r. 




projeiis-^ons Mtnilar id p, wkidh are hent up after heating the metal to about the tem- 
perature of a tailor’s “irohi” Foiled zinc is considerably more electro-positive than 
cast zinc, and its employment increases the electromotive force in the proportion of 
about 3 to 2. 

The liquid use?d is ordinary water, which soon dissolves some of the sulphate of 
copper, the battery is then ready for use, and continues in action with remarkable 
ciastancy for a great length of time. The zinc plates are placed above the copper 
plilst IB; ordet to take advantage of the two strata of fluid which form in each ceil. 
Sulphate, of, copper is heavy, and gravitates chiefly to the bottom of the cell, and 
sulphate %Mchis soon formed by the action of the battery, and which is lighter 
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tlian sulphate of copper, remains cMefly in the ttpper portion of the cell, and thns each 
metal is in a solution of a sulphate of itself, A certain amount of sulphate of copper 
mixes with the sulphate of zinc, however, and copper is deposited on the zinc in the 
form of a Wach powder, hut this does not appear to diminish the power of the hattery, 
This form of battery is very compact and convenient, and owing to the reduction of , 
resistance resulting from doing away with the porous cells, it is quite equal in power 
to the large Muirhead hattery, although the mean sectional area of the liquid between 
the plates is not more than 4-1 Oths as large, but the copper from the solution is 
reduced upon the zinc more rapidly, and it is therefore somewhat more expensive in 
sulphate of copper. This is, however, more than counterbalanced by the suppression 
of the fragile and cumbrous porous earthenware cells. 

These batteries ordinarily maintain an electric current ofequal force for a year, crystals 
of sulphate of copper occasionally being dropped into the cells through the spaces (o) 
left at the ends of the zinc plates and the upper leaves of the copper plates. The zincs 
are then worn out and must be renewed, which is a simple and inexpensive operation. 

lbs. -oz. 

The weight of this battery, without liquid, is . ; 10 0 

, , , , with liquid . . . 16 6 

About 41bs, of sulphate of copper are required to keep it in action for a year at 
perlb. The first cost of the battery is about 25s. 

It is not found necessary to amalgamate the zinc plates in any of tfee forms of the Daniel 
battery used for telegraphy, as strong acid solutions are never employed. In the form 
used at Chatham the amalgamation would be injurious, as the mercury would fall on 
to the copper plates and produce two similar metallic surfaces opposed to each other. 

In determining the size, number, and mode of combining the elements of a parti- 
cular form of voltaic battery to effect any special object, the theory of Ohm is of very 

great assistance. By this theory the equation Q = . expresses the constant 

relation between the elements of the source of electricity and the work done. Q?= 
the quantity of electricity in circulation, which may be measured by the deflection of a 
galvanometer, the decomposition of water, or the heating of a wire, as found most con- 
venient. T = the electromotive force or tension of one pair, or element of the 
particular voltaic combination; it may be measured directly, when a number of 
elements are combined in series, by the effects of electrical attraction or repulsion, as 
shewn by an electrometer ; but no instrument has yet been constructed sufBlciently 
delicate to measure directly the static electrical tension of one element of a voltaic battery. 
The electromotive force depending solely on the metals and liquids employed in that 
combination, is a constant for each hattery. The size and distance apart, and numher 
of the plates and other special arrangements of the 'combination, do not affect this 
electromotive force, although they do materially affect the effective force in circulation* 

* The electromotive force of a Daniel battery, for instance, depends entirely upon the 
excess of the affinity of the zinc for the oxygen of the water^ above the sum of all the 
other afianities in the combination, viz., of the copper for the oxygen and sulphuric 
acid, and of the hydrogen for the oxygen. 

L = the liquid resistance or resistance to the passage of the current of electricity 
from the zinc to the copper in each cell. This is made up of the resistance of the 
liquid, and of the porous cell, and of the plates themselves. The last may generally 
be neglected, it is so small, although it shews the necessity of perfect metallic con- 
nections between the pairs of plates. The resistance of the porous cell varies directly 
as its thickness and the closeness of the texture, and inversely as its surface interposed 
between the metals. The resistance of the liquid varies directly as the distance 

T T 2 
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apart of the plates, and its specific resistance, and inversely as the opposed surface of 
the plates or sectional area of the liquid prism between them. 

w = the resistance of the conductor, which varies directly as its length and as its 
specific resistance, and inversely as its sectional area. 

And here two terms, which are of frequent occurrence in speaking of voltaic 
electricity, require to be defined — qiiantity and intemity.'^ Upon the of 

electricity in circulation depends the amount of work done, whether it be the decom- 
position of water, the deflection of the needle of a galvanometer, the heating of a 
metal, or any other effect of dynamic electricity; and upon the intensity^ or tension 
under which the electricity is generated, depends the quantity which can he put in 
circulation in a given time through a conductor of a fixed resistance. 

■ ■ T 

In the equation Q = if w = o, that is, if the plates be connected by a cou- 

' T ' ^ 

ductor whose resistance is insignificant, then Q==- representing the quantityof elec- 

tricity in circulation in a voltaic pair or element of a voltaic battery, when w = o. 

If n such elements be arranged in series, connecting the positive metal of each with 
the negative of the next, and the first positive and the last negatiYe metals be connected 
by a conductor of insignificant resistance, we have n electromotive forces, and also n 

resistances, and the value of Q will remain unchanged for Q = = w ? whence we 

w it 

learn that, in cases when the external resistance is very small, little or no advantage 
will be derived from multiplying elements in series ; but if the external resistance be 
considerable, the case is very different, with n elements so connected we can introduce 
n times as much external resistance withont diminishing the quantity of electricity in 

T wT 

circulation, as will he seen from the equation Q = — — = — . 

’ ^ Jj + w nh + nv) 

The quantity of electricity in circulation may be increased by diminishing either term 

■ ■■■■'■ T 

of the denominator of the fraction 

L may he diminished hy approaching the plates nearer to each other ; hut to this there 
is a practical limit, owing to various causes j it may also he diminished hy increasing 
the surface of the plates, and with them the area of the conducting prism of intervening 
liquid, and this increased surface may he obtained either by enlarging the plates or by 
conneoring the positive plates of several pairs together, and also their negative plates. 

w may he diminished by decreasing tbe length or increasing the sectional area of the 
wire, or, which comes to the same thing, hy combining a number of elements in series. 


T 




I^+ w 

n 

T 


la -b 


w 








. . ( 3 ). 


(1) Eepresenting the increase due to diminished liquid resistance. 

(2) Representing the increase due to diminishing the wire resistance. 

(S) Representing the same increase hy the combination of elements in series. 

The comparative values of Q' and evidently depend on the comparative values of 
L and w. If the liquid resistance be in excess of the external wire resistance, it will 
he- best to increase the size of the plates, hut if the external resistance be in excess,- 

* Yhd is used by French writers in the same sense as we use the term 

quantity* ■ '-■ ' , ■: 
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T. 

L. 



4*56 

*38 



4*96 

*63 



4*36 

‘85 



. 4*34 

1*24 



4*28 

•84 



. . 4*56 

•53 


and tliat ifc cannot Ibe directly dimimslied, q may be most economically increased 
by arranging tlie battery in series of elements. 

In the practical service of the electric telegraph, the currents passing between 
distant stations meet with very considerable resistance due to the conducting wires 
and the coils of fine wire in the instruments, while the liquid resistance in each 
element of a Laniers battery on Muirhead’s pattern is only equal to about a mile of 
ordinary conducting wire; hence it is necessary to arrange the elements in series 
to obtain the required force in circulation. 

For local circuits which have but a small wire resistance, but in which it is required 
to circulate a considerahle quantity of electricity to work the electro-magnets, batteries 
are used of a few elements in which the liquid resistance is diminished by enlarging 
the.plates.. 

The comparative electromotive force and Hqnid resistance of various forms of 
battery used in telegraphy, as determined hy experiments by Captain Schaw and 
Lieutenant Fowler, are as follows in miles of resistance of Ko. 16 pure copper wire 


Giraphite battery, plates 6'' X 2 " . V * . . 4*56 *38 

Ditto in action for two days . , . . , . 4*96 *63 

Muirhead’s Daniel-plates, 4" x 2" aud 4" x 3" . # , 4*36 ‘85 

Ditto (greased cells) ditto . . . , . 4*34 1*24 

Chatham battery, plates 4 X 1, casi smc . , . . 4*28 *84 

Sand battery, plates 3| X 44 freshly made up ... 4*56 ‘53 


The liquid resistances vary with the sizes and arrangements of the metals opposed to 
each other in the batteries, hut will always be greatest, cmteris y>ari6^^s, in those 
which require porous cells ; hence the reason will he apparent why the force circulated 
by the small battery used for the R. E. telegraphs is equal to that derived from the 
large Muirhead’s battery with the porous cells. 

The superior constancy of Daniel’s over Smee’s, or the platinised graphite battery, 
aiid its advantages over Grove’s battery in greater constancy, diminished cost, 
absence of noxious fumes, and simplicity of arrangement, justify its very general 
adoption as the best battery for the electric telegraph in which currents of a 
constant force having considerable intensity but small quantity are required, while 
the peculiarly compact and simple form used at Chatham, requiring no porous earthen- 
ware cells, no mercury nor any acids, hut only the dry crystals of sulphate of copper 
to be carried with it, appears to be in every way the best suited to military purposes. 
In operating through long circuits, when many cells are combined in series to over- 
come the resistance, and the electrical tension is considerable, it becomes important 
that the batteries should be well insulated, or the eledaneity may escape to the tables 
on which they are placed. On shorter lines the tension is so low that this precaution 
becomes of less importance. 

Magnetic Blcctricity , — Permanent magnets are frequently used as sources of 
electricity instead of voltaic batteries, advantage being taken of the discovery of 
Dr. Faraday that if a coil of insulated wire be wound on a soft iron core, and this 
soft iron be magnetised, a momentary current of electricity is indnced in the wire, and 
a corresponding current in the opposite direction takes place at the moment when the 
soft iron loses its magnetism or when its polarity is reversed. Magnetic machines 
have been constructed on these prinriples, and it was thought by some that the voltaic 
battery with all its inconveniences might be discarded for telegraphic purposes, 
and that magnetic electricity thus developed would entirely supersede it. 

This anticipation has not been fully realised. For the purposes of electro-metallurgy 
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jnagEeto-eleotricity is very largely employed, but for electric telegraphs it lias not 
been found generally so satisfactory as voltaic electricity. This is due chiefly to the 
high degree of tension -under vrMch the electric force is developed by this means, ren* 
dering it imperatively necessary that great perfection shall be preserved in the insula- 
tion of the conducting wires — a condition very diflS.cult of fulfilment in practice. The 
British and Irish Magnetic Telegraph Oornpany, when their lines were first opened, 
made use of magnetic electricity exclusively, and this system is still used, I belie ve, 
in some parts of Ireland ; but on all their lines in England the magnets have been 
given up, and voltaic electricity has been substituted, the reason given for the change 
being the increased rapidity of signalling, and the diminution of the difficulties due to 
defective insulation, resulting from employment of voltaic electricity. 

In Australia, magnetic electricity is almost exclusively employed for the long lines 
of telegraph lately erected there, and it has been found to work well* This may 
perhaps he accounted for hy the dryness of the climate, which is peculiarly favomable 
to insulation, 

Magnetic, letter-showing, telegraphs are now largely used in London and other large 
towns hy mercantile houses, for communicating between their various offices and ware- 
houses. The distances being short, perfecti insulation is not difficult of attainment, 
and the convenience of dispensing with the voltaic batteries is very great in such cases. 

For military purposes, however, it appears exceedingly doubtful whether electricity 
of such high tension, and requiring such perfect insulation, can be safely employed. 

C?£nz<f«c^ars.-— These may be divided into two classes—wires suspended in the air on 
insulated supports, at intervals, and wires entirely coated with insulating material, 
and either submerged under water or buried underground. 

In the infancy of Electric Telegraphy two insulated wires were considered necessaiy 
for each circuit, hut it was soon found that one insulated wire was sufficient to insure 
the electricity pursuing the desired route, and that the electric circuit would he com- 
plete if one pole of the battery and the extreme end of the conductor were put in com** 
munioation with moist earth, the other pole of the battery being connected with the wire. 

A controversy still exists as to whether a current of electricity really passes hadt 
through the earth, or whether the earth acts rather as a great reservoir always ready 
to receive or impart electricity. The latter view appears to he more correct when the 
distance is great ; the former may in part be true when the distance is very small 
Moist earth offers a very much greater resistauce than copper wire, in the proportion 
of about S2, OQQ, 000 to 1, Heuce the extent of metallic surface in contact with moist 
earth, necessary to produce the best results in each case, will depend upon the tension 
and the quantity of electricity to be circulated. If the tension he great, and the quan- 
tity small, as is eminently the case with frictional electricity, and in a lesser degree 
with the induced currents derived from either voltaic or magnetic sources, a very 
small surface wiU be sufficient ; but, on the other hand, if quantity currents are to 
be circulated with comparatively low tension, as in the case of exploding mines hy 
heating a platinum wire, so large a metallic earth connection wonld be required to 
reduce the resistance sufficiently, that a return wire is very much more convenient. 
In Telegraphy, currents of comparatively high tension are required to overcome the 
resistance of long wires, and the quantity required to influence the instruments is very 
small; hence, earth connections become most valuable. Careful experiments made 
by Matteucci showed that with very perfect earth connections at a distance of 40 
mile^ the resistance of the earth became so insilhificaut, compared with that of the 
■wir^ Si- to be quite negligible, and the electrical resistance was practically one-half 
of what it been had two wires been used. In towns, advantage is taken 

of the gas and fur the earth connection ; but where these are not available, 
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it is found tiat four square feet of copper plates teied in moist eartlr is practically 
suffcient. 

But it is important tliat tlie earth plate be buried in wowiS earth, or the resistance 
•will be so great as materially to reduce the q^uantity of electricity in circulation. 

The resistance due to the earth connection being represented by r, the (quantity of 
electricity in circulation through a mixed circuit of voltaic battery, -wire, and earth 

■will be Q= —= — , from which it will be evident that to increase Q we must 

nh +w + j’ 

diminish f, and that as o) increases so r may be increased without diminishing Q. 

Before proceeding to describe the various conductors in use, it will be best to state 
the laws of the propagation of currents in long conductors. Owrenfs ot electricity are 
solely due to differences of tension. In a voltaic battery the negative and positive poles 
have opposite tensions, which dimmish regularly to the central point of the battery, 
where they nentralize one another, and as long as the poles are not connected, this 
difference of tension remains as a static force. If the central point be connected with 
the earth, no alteration takes place ; but if one pole be connected with the earth, its 
tension becomes 0, and that of the other is doubled, the tensions increasing regularly 
from one pole to the other. If the poles are connected by a short thick wire, the whole 
quantity of electricity generated is circulated through the wire, a constant current 
taking place, and all apparent tension ceasing. If the wire be very long, a current 
of small quantity is circulated, and the tensions are slightly reduced, and disi 
tributed throughout the length of the wire in precisely the same manner as in the 
battery, 

The case is similar in a telegraph wire. If a and 0 represent two telegraph stations 
connected by an uniform con- 
ductor, A 0 , andlf the current 
starting from A has a ten- 
sion = Ai ; at B, half-way to 
0 , the tension will be Blf 
(Iralf A^), and at c it will 
be 0, tbe diminution of the 
tensions' being accurately represented by tbe line io. This will be evident from 
tbe following considerations. The quantity of electricity in circulation is equal 
throughout the circuit, as shown by the equal deflections of a galvanometer 
when inserted at any point. If the wire be divided at b, and it be required to 
circulate tbe same force through b c as was before circulated through A o, we have in 

one caseQ = — =— — , in the other, Q = — . only the half tension being 
nh+w 

required to circulate the same quantity through half the resistance. Hr. Latimer 
Clarke has proved the truth of this law by actual experiment on long telegraph lines. 
{Vide bis Beport in the Parliamentary Beport on Submarine Cables.) 

■ ■ , ' Is 

The electrical resistances of conducting wires vary as I being the leugtb, ^ the 

specific resistance of the metal, d the diameter of the section of the wire. When a 
conducting wire is coated with an insulating material, a second resistance is opposed 
to the passage of the current, due to induction. The wire becomes charged with elec- 
tricity in the same manner as a Leyden jar, the wire acting as the inner metallic 
coating, the insulating envelope as Ihe glass, the water or moist earth or outer pro- 
tecting sheathing as the outer metallic coating of the jar ; and although the electrical 
tension be comparatively low, the amount of surface is so large in a long cable that 
the flow of electricity throngli the conductor is retarded in a very material degree. 
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triie same effect is produced in long wires suspended in the air, but in so much a 
smaller degree as not to be generally noticed. Fuller details on this subject will he 
found in an extract from the Eeport of the Submarine Telegraph Committee, but the 
laws experimentally established by their investigations are as follow 

1. The inductive charges of insulated cables, when the same insulating material is 

used, vary, as where 1= length of cable, d == diameter of conductor, ^ = thick- 
ness of insulating envelope. 

2. The inductive capacities of different insulating materials differ considerably ; for 
ihstance, a greater inductive electric charge is produced under similar circumstances 
in a cable insulated with gufcta percha than in a cable insulated with india-rubhei’. 

3. The distribution of the inductive charge in a cable is not e<iuable : the amount of 
induction at every point in the conductor varies directly as the tension at that point. 

4. The velocity of the current is not increased by increased battery power, because 
as the tension increases so does the induction and consequent retardation of signals. 

5. The time required to charge with electricity or to discharge an insulated wire, 
and upon which depends the rate of signalling, appears to vary as the square of the 
length, but this point is not well ascertained. The great difficulty to practical tele- 
graphy in long submarine cables arises from the fact that the time occupied in the 
discharge from the far end of the cable is much longer than that requii'ed for charging 
it by the battery, so that a signal which is short and distinct at the near end of the 
cable will ooze out gradually from the far end. The time occupied in travelling 
through Ib'OO miles of insulated underground wire was found by Professor Faraday to 
be about two seconds. About the same interval was observed in the tests of the 
Atlantic cable, 2500 miles long; but the rate of signalling through the cable was not more 
than from 1*1 to 2*5 words per minute (each word having five letters on an average. 

Zaw of divided currents,*— If it and p be the two poles of a source of electricity, 

Fig. 8.' ■ • 



and N a 5 p a conducting wire, and if at a and h a second wire, ao 5, be connected, 
the laws governing the currents of electricity circulated through these conductors, are 
as follows : — 

Let T be the tension or electromotive force of the source of electricity ; 

B the resistance of the source and the conductors IT a, P 5 ; 
r ,, ,, conductor a 5; ^ 

■■ . >} . , Jl> UCd, , ^ 

To determine the force or quantity of electricity circulating — 

1. Through the circuit it p before the wire a ch is connected (called by the French 
tiie primitive current) ; 

2. Through the entire circuit, including both wires (called by the French the prin- 
cipal current) ; 

3. Through, the wire a 5 (called by the French the partial current) ; 

■ >> ,, ,, derived cnTTeni) ‘j 

I<ot Q, Q^jf denote these forces respectively ; then, 

The resistance of the circuit it a 5 p being E + r, we have Q = ■ (the prinii- 

• tve current)* 


* This investigation is taken from davmret’s work on Electricity. 
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2. The resistance of the wires a 2> and a c h being r and t\ their conductivity will 
1 ■ 1 

he evidently represented hy - and respectively, and their joint conductivity hy 


9* 4“ r , 9* 9’^ 

7~, and, consequently, their joint resistance hy — 

Tr 


Hence, the resistance of the 


whole circuit will he in this case E + ■ 




B {r + /) + rr* 
_______ 


-y (the principal current). 


R {r + /) + 9* r' ^ ^ ^ 

3. Since the quantity of electricity in circulation is equal at every point in the 
circuit, and the tensions at different points vary as the resistances, the difference of 
tension between a and 5, will be proportional to the joint resistance of the two wires, 
ah and 

Or, f ■ T ! • , R(9- + r) 


Trr' 

Whence t yry ; . 

R {r + r ) + r r' 

we have, therefore, 

For ah ^ = 
r 

4. And for a ch o'= - - 


This tension is coramon to the two wires a h and alcj 


R(9’ + /) + rr 


; (the partial current), 
(the derived current). 



r R (r + r') ^ rr^ ^ ^ 

From the consideration of equations (3) and (4} it will be apiiarent that when 
several routes are given to a current of electricity^ it divides itself in the inverse pro- 
portion of the resistances opposed to it. This general law is of the greatest practical 
utility in numerous cases connected with the service of the electric telegraph. When 
a telegraph line is imperfectly insulated, it explains to us how the current is gradually 
enfeebled, as it approaches the distant station, in quantity bb well as in tension, If 
the earth connection in a telegraph station he imperfect, and several instruments he in 
connection with the same earth wire, as is the usual practice, it explains to us the 
reason of all the instruments being set in motion when only one is sending or receiving, 
the current dividing itself amongst the various channels open to it, in the inverse ratio 
of their resistances. These, and various other causes of perturbation in the working of 
electric telegraphs, are fully investigated in Gavarret’s valuable treatise on the 
subject. 

The resistance offered hy the conductor to the passage of the electric cuxTeut is a 
most important consideration, and for the comparison of the resistances offered hy 
different conductors, various standards have been proposed ; that of M. W. Siemens is 
probably the most perfect, viz. a cylinder of pure mercury, at the temperature of zero 
centigrade, one metre in length, and with a sectional area of one square millimetre j 
German-silver wire is compared with this standard and used in a rheostat for practical 
purposes. In France, for telegraphic purposes, a galvanised iron wire, four milli- 
metres in diameter (between Ko. 8 and Ho. 9 B, W. gauge) and one kilometre in 
length, being the orknary telegraph conductor, has been generally adopted, and is 
considered sufficiently accurate and most convenient for the purpose. In England, 
one mile of pure copper wire, Ho. 16 gauge, at a temperature of 60° Fahr., has been 
hitherto the standard in most general use, and H has been adopted in this paper. It 
is very neax'ly equivalent to a mile of No. 8 galvanised iron wire, the ordinary con- 
ductor for aerial lines in England (the resistance of pure copper being to that of iron 
as 13 to 90, at a temperature of 60° Fahrenheit, and the sectional areas of Ho. 16 and 
Ho. 8 wires being to one another as 1 to 7*5). 
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The resistance of copper varies considerably with its temperatnro, and slight traces 
of other metals mixed with it increase its resistance in a most remarhable degree ; 2 
per cent, of arsenic reduces its conducting power to that of iron. 

Pure copper is not now generally considered to be the best metal for a standard 
of resistance, because it oxydises easily, and its resistance varies rapidly with altera- 
tions of temperature. Various alloys appear more suitable. Cerman silver is considered 
one of the best. And an alloy of two parts by weight of gold, and one ditto silver, is 
proposed by Dr. Mathieson. Mr. Varley has used N'o. 16 iron wire boiled in oil and 
enclosed in cement ; but no absolute unit of resistance has yet been adopted unl- 
Tersaliy.; ■ , 

Copper, being the best conductor of electricity of any of the metals except silver, 
was used for the conducting- wire in all the earlier telegraphs ; and for submarine or 
subterranean lines it is undoubtedly the most suitable metal. 

It however becomes brittle and loses its tenacity when employed as a conductor for 
currents of electricity for any length of time. Exposure to the atmosphere, and to 
changes of temperature, produce similar effects; and its value makes it too tempting 
a bait to marauders when suspended on poles. Iron wire lias, therefore, now entirely 
superseded copper for conducting- wires suspended in the air, both on account of its 
superior strength, and also on the score of economy. 

Overground Wires, 

In long circuits it is advantageous to use iron wire of Eo. 8 gauge, or even largei*, 
in order to reduce as far as possible the resistance offered to the passage of the current 
of electricity. To investigate the question of the size of conducting- wire suitable to a 
particular case, it must be borne in mind that the coils of a needle instrument offer a 
resistance equivalent to from 12 to 25 miles of No. 16 copper wire, and those of a 
Morse instrument of from 50 to 200 miles, so that with two needle instruments in 
circuit, from 25 to 50 miles of resistance are due to the instruments alone ; and if the 
instruments are 10 miles apart, the substitution of No, 16 ironware for No. 8 iron 
wire will increase tbe resistance by only 65 miles of standard resistance ; but if the 
stations are 100 miles apart, the use of No. 16 wire in place of No. 8 wire, would add 
660 miles of standard resistance, and the number of elements required to work the 
line^would be too large for practice. 

Let us examine the queslaon by means of the equation Q We know 

■■ ■ ' , ■ ■ ■ ■ V , L',-f W 

from experiment that to work one of the needle instruments used at the Boyal Engi- 
neer’s Establishment with a strong and rapid beat, three elements of the modified 
Daniers battery are necessary. The liquid resistance of one of the elements of this 
battery has been found to be equal to about a mile of standard wire, and the resistance 
of the coils of the instruments is equivalent to about 20 miles. The force required to be 

circulated may therefore le expressed by Q = If, noir, we insert 

various wire resistances in this equation, we must increase the number of elements to 
maintain the same value for Q, Let x be the number of elements required, and we 
hav^ with 10 miles No, 8 wire and two instruments in circuit, 

3T a;T 
23 ■‘irL+10 +40 

' '' — ^ ^ 

^ X + 50 

s, ' - * ^ , f** 3 ^ + 150 ~ 23 X 

20 a; =r. 150 and a; = 7‘ 5, the number of elements required. 
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With 10 miles No. 16 wire (= 75 Ko. 8) and two instTiiments in circmt— 

3T__ , ■ aiT ' ■ 

^ ‘2.3 ... icL + 75'4.40 ' ■' 

■ — ^ ^ ' ' '■ 

~ "a; + 115' 

+ 845.= 23'iB ■ ■ ■ 

and a; = 18 nearly, tlie number of elements required. 

Witb. 100 miles No, 8 wire and two instruments — 

^ 3T ajT 

y ^ ^ ^ ^ whence sa = 21 , tbe number of elements required, 

Witli 100 miles No. 16 wire (= 750 miles No. 8 ) and two instruments— 

'3:T ' ' a? T 

Q = ^ ” ^L ~l jl 7 gQ 4 . 40 ^ whence x =s 118, tbe number of elements required. 

These calculations must not be tahen as more than approximations to the truth, 
so much depends upon the degree of perfection of insulation, that it is impossible to 
mahe exact calculations on the subject ; practical experiments can only decide %liQ 
battery power requisite for the working of a telegraph line. Nevertheless the 
above considerations are correct in princii^le, and should govern both the selection of 
the telegraph wire for particular cases, and the number of batteries estimated for as 
probably necessary to work any projected line of telegraph. As a rough approximation, 

Mr. Latimer Clarke states that in dry weather, with a well-insulated line of No. 8 
iron wire suspended in the air, one element of Daniel’s battery to every four miles of line 
may be taken as a fair average, and that this number must be doubled uuder the un- 
favourable circumstances of wet weather, imperfect insulation, and old batteries, In 
this calculation, each needle instrument may be taken as representing only five miles ' 

of line wire, owing to the more perfect insulation of the fine wire in the coils. 

But there is a practical limit to direct telegraphy on overground wires which varies 
from 300 to 400 miles with No. 8 iron wire. This is owing to the increased tension 
(obtained by adding batteries in series) required to overcome increased wire resistance. 

As the electrical tension increases, so does the difficulty of sufficient insulation, and the 

leakage becomes so great at last that the current circulated is too weak to work the ; 

instruments. Other causes also combine to produce the same result, which will be 

allnded to hereafter. 

It will be seen, then, that the gauge of wire to be used as a conductor, should 
depend in some degree on the length of circuit, but irrespective of any electrical re- 
quirements, it is found'that No. 8 iron wire possesses a strength and durability which 
makes it well suited for general purposes of telegraphy, and its weight SB 73hs,, or about 
SI" cwt. per mile, is not excessive. 

For military field telegraphs, when an air wire is used, a lighteiv wire will generally 
be preferable, and a conductor composed of seven-strand No. 22 galvanised charcoal | 

iron wire, which weighs about 961bs. per mile, and which has been extensively em- i 

ployed for the telegraph lines inbur large cities, would be very eon venient j 

in some cases. No. 16 iron wire would be lighter, but the seven-strand conductor is I 

more convenient, being more flexible and stronger, and offering a larger sectional area i 

for the conduction of the electric current. For military field telegraphs, however, m | 

insulated conductor, not requiring supports, and yet sufficiently protected by an outer 
sheathing to be secure from mechanical injury by wheels or horses’ hoofs, is much 
to be preferred. This will be described under the head of Subterranean Con- 
ductors.'. ■ .. . ■ ■ , 

The seven-strand wire may be used for spans up to a quarter of a mile 5 beyond this 
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span annealed ironware, unless of very superior quality, v'iUnot answer ; it sfcretclies 
considerably when strained sufficiently tight, and is liable to break, especially when con- 
tracted during severe frosts and when acted on by the force of strong winds, &c. ; but 
both unannealed iron wire, and steel wire, have been successfully used up to spans of 
2000 yards, and hTo. 16 gauge is generally employed for such long spans, being light 
and manageahle, and yet sufficiently strong. 

Connections, 

In a long line of electric telegraph there must be a great number of connections be- 
tween the different lengths of conducting-wire, and if these joints are imperfect as 
regards electrical conduction, the resistance to the passage of the electric currents is 
very materially increased ; if they are not strong, there is danger of the line breaking 
during frosts or high winds. It becomes, therefore, very important to secure strong 
joints and a perfect uniformity of conductive capacity throughout the wire. 

The most perfect joint in the ordinary Ho. 8 wire is, perhaps, that which is em- 
ployed generally in England (fig. 9) ; it is performed by laying the two extremities 
9- side by side for two or three inches, binding them 

round tightly with Ko. 16 galvanised iron wire, and 

^ turning up the ends to prevent them from drawing 

asunder. The ends are then cut short with a file and broken off, and the binding con- 
tinued for a few turns beyond the outer single wires ; the whole joint is then coated 
with solder. If the wire be of good quality, the ends may be simply twisted together 
Fig. 10. as shewn in fig. 10 ; this jointis adopted in America, 

and in Kussia and Prussia, and answers its purpose 

^ fully. The possibility of forming a perfect joint in 

this manner is a very good test of the quality of the wire. A small hand- vice is 
used to hold the wire at a, and an iron lever is used for twisting the ends ; the joint 
is then moistened with sal-ammoniac and plunged into melted solder. 

The seven-strand wire may be joined by twisting the two ends together, binding 
them with some of the single wire of the strand and soldering them ; or the ends 
may be joined by a simple reef-knot if the wire is good, but this is not so strong a 
joint. 

The joints in the unannealed iron or steel wire for long spans must he made with 
great care, in the manner shewn in fig. 9. 

Sal-ammoniac is generally used as the flux for soldering iron wires j but chloride of 
zinc is preferred by some engineers* 

In specifying the description of iron wire, it is to he remarked that the qualities 
vary in the following order, the best and most expensive being placed first. 

Best Charcoal Galvanised Iron Wire, Ho. Gauge. 

Best Best Best Galvanised Annealed Iron Wire. 

Best Best Galvanised Annealed Iron Wire. 

Best Galvanised Annealed Iron Wire. 

Charcoal wire was generally used untib lately, when Best Best Iron came largely 
into use and has been found to answer tbe purpose for the line wire quite as well, at a 
reduction of 20 per cent, in price ; but for binding wire, and for tbe seven-strand wire, 
the charcoal iron must be used, or sufficient toughness and pliability will not be obtained. 

The process of annealing wire lessens its tensile strength considerably, and even by 
the process of galvanising or coating with zinc, some strength is lost. Nevertheless, the 
necessary degree of pliability cannot be ensured in English wire without annealing. 

The standard of strength for iron wire is very uncertain. The breaking weight of 
different apecgujaena of 8 iron, tried at Chatham, varied from 10 cwt. to cwt., 
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at a joint made, as sliewn in fig. 9 — by laying tbe ends side by side and binding tliem 
together. If the wire be too soft, the ends bend down straight, and the wires slip 
through the binding. If the metal be too brittle, tbe ends cannot be bent up without 
injuring its structure, and they break off as soon as any strain is applied. 

In the accompanying table are given the diameters, weights, and breaking strains 
of iron wires of different gauges. The breaking strains are furnished by Messrs. 
Johnson, wire drawers, of Manchester, but, as before stated, wires vary materially in 
their tensile strength. In specimens not exceeding ih diameter, 

Mr. Telford found the breaking strains to vary from 85 to 42 tons per square inob of 
section (‘Barlow on Strength of Materials’). Mr. Sbaffner, in his work on the 
‘ Electric Telegraph,’ gives in detail the results of his experiments on the strengths of 
various descriptions of iron wire. Their average breaking strains per square inch 
of section were as follows : — 

Plain. Galvanised. Annealed. 

American wire 39*5 28*5 

English wire 24*5 19*85 17 about. 

The breaking strain of good English wrought iron bars is about 25 tons per square 
inch of section, and it begins to yield at about 12 tons. 

When drawn into wire, iron increases in strength ; but assuming that the yielding 
point when the structure begins to alter ought not to be passed, and that the point 
will be about half the breaking strain, it will be safe to strain the best iron wire up to 
20 tons, and the worst up to 8 tons per square inch of section. 


Diameter ia 

B.W. inolrea. 

gauge. ivvj'aiuo. 

Breaking 
strain 
in JiS. 

Numter 

on 

E, vr, 

gauge. 

Diameter in 
inches. 

WeigM in 
lbs. per 
100 yards. 

Breaking 
strain 
in lbs. 

000 -425 149 '33 


15 

8% 

•075 

4-29 

352 

00 h -375 110-82 

9040 

16 


•0625 

3*22 

264 

0 & -340 88-31 

7280 

17 


•0572 

2*48 

208 

1 if -3125 68-75 

5650 

18 


•0521 

1-91 

160 

2 -2917 59-90 

4930 

19 

Io2 

•0468 

1-55 

128 

3 -2708 61-66 

4250 

20 

ih 

•0416 

1*22 

104 

4 ii -25 44-00 

3620 

21 

tIs 

•0364 

•934 

79*5 

5 iJ -2291 37-00 

3040 

22 

ik 

•0312 

•687 

58*5 

6 i -2084 30-66 

2500 

23 

sis 

*0281 



7 & -2076 26-15 

2200 

24 

aio 

•025 

•473 


8 iJ -1718 22-10 

1840 

25 


•0229 



9 i -1562 18-36 

1560 

: 26 

jq, 

4J?j5 

*0208 

•321 


10 -1406 14-97 

1280 

i .27 

its 

•0187 



11 ^ -125 11-95 

1000 

28 

its 

•0166 



12 fa -1125 9-24 

800 

1 29 

ils 

•0146 



13 -1 7-05 

568 

I 30 

ifo 

•0125 



14 j’g -0875 6-50 

456 

I 33 . 

1 *008 




i " 36 ; 

1 ' ! 


1 -005 




N.B.— The relation between the diameter and weight of copper wire is expressed by 
tbQ formula = J where d = diameter in inches. 

L = length in inches. 

40 := weight in ounces avoirdupois. 

whence the weight of 1 yard in lbs. =9 d\ 

Supports for Overground Wires, — Air wires are generally supported on wooden 
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posts of sufficient heiglit to keep tkem out of liarm’s way, and to allow a free passage 
Leueath. tliem. 

This keiglit is usually 20 feet at the poles, a deflection of about j^tk of tke span, 
when it does not exceed 100 yards, being allowed in the centre between tbe points of 
Buppoii;. Tbe ordinary distance of tlie poles from each other is from 70 to 80 yards 
when a number of wires are suspended from each pole. Tbe strain upon the poles is 
found to be too great at longer intervals, and it becomes difficult to strain tbe wires 
so tight that they may not interfere with one another and produce cross currents, but 
for a single wire the distance may be advantageously increased to 100 yards ; the 
expense is lessened by this means at the same time that the insulation is improved. 
Longer spans are admissible occasionally, but they bring a greater strain upon the 
wire, insulators, and supports than is generally advisable, and a greater deflection 
between the supports becomes necessary. The supports used in England now, and 
which experience has proved to he the most durable, are larch poles, from 25 to SO 
feet long, 8 to 10 inches diameter at the butt, and 5 to 6 inches at the point, harked 
and the knots planed smooth. The butts for 5 to 6 feet in height are charred, and 
soaked in gas tar, and the tops are usually protected by earthenware caps. They 
are sunk 4 to d feet in the ground. In France, the poles are generally injected with 
a weak solution of sulphate of copper, which preserves them from decay very much, 
but to what extent exactly has not yet been determined. In laying out a line of 
Electric Telegraph it is advisable to avoid sharp bends as far as possible, as the strain 
upon the pole situated at an angle in the line is very considerable. The strain should 
be divided amongst several poles when practicable, by adopting a curved line.* 
Generally when a side strain is brought upon a pole it should be stayed by iron wire 
to a picket, but in some cases it is sufficient to give the pole an inclination in the 
opposite direction. 

An excellent organisation for making the holes, erecting the poles, and stretching 
the wire in a new country has been adopted in America ; it is described fully in 
Shaffher’s ‘Electric Telegraph,’ page 695. The author states, that two gangs of 9 
or 10 men each can dig the holes and erect the posts for a line of Electric Telegraph 
at the rate of 10 miles a day through the back woods of America, Another squad of 
13 men with two waggons, a ladder, and the necessary implements, fix the insulators, 
and stretch the wire at the same rate. The poles are cut and hauled to the spot by 
other gangs, and when the Wires traverse forests, the trees are used for supports as far 
as possible^ In England the line for the Telegraph wire is first decided upon. 
Railways and ordinary roads have been generally the routes adopted. The poles are 
Eig. 11. distributed at the [required intervals ; longer poles being used in 

^ particular cases for crossing roads, canals, &c. ; a party follows 

the holes and erecting the poles. The insulators are 
then attached, and finally the wire stretched. This last operation 
M B performed by securing one end of the wire to the terminal 

m ® insulating shackle. It is then placed loosely on the insulators, 
or the wooden arms carrying them, for about half a mile, when it 
is drawn tight by means of a light block and tackle, a species of 
vice caU'.d technically “draw tongs” (fig. 11) being used to grip 
the wires. The wire is then keyed or tied at intervals according 
to the description of insulators used, and another section proceeded with. A small 
vice with drum and ratchet attached (fig, 12) is very useful for adjusting the strain 
upon the wire. 

A Im^-'b^ow having a skeleton drum on a vertical spindle is used for carrying 
the wire ^ ii put ti|». The coils of wire being first distributed at intervals 



along tlio line, tliey are placed on the drum as required, and so unwound and stretched 
on the poles. This handbarrow is shewn in fig. 13. The upper portion comes off 
the spindle when the screw nuts, -s s, are remoYed, and allows a fresh coil to he placed 
on the drum. 
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The shaded portions shew the double cup shape underneath, Which gives it great 
insulating power in wet weather. The line wire rests in the groove on the top, and 
is tied hy fine wire (No. 18 galvanised iron) at every third support, the tie 
performed by twisting the fine wire round the line wire close to the insulator on one 
side, passing it once round the neeh of the insulator, and then iVisting the end 
several times round the wire on the dther side; Figs, 15 and Id are modifications 
of the same form ; (15) is a very perfect insulator, but it is more fragile than (14). 
The groove at the top is given a form suited to prevent the wire from lifting out. 
(16) is a very compact and useful form, the wire being passed round the 
ring when it is required as a terminal, or at a bend in the line, the leverage being 
thus much reduced and sufficient strength obtained for these purposes. These 
insulators are generally made of white porcelain, which is considered the best 
substance for the purpose, glass having been found to break during sudden changes 
temperature. Fig. 17 is a new insulator, in which the iron work is covered with, 
ebonite, and the insulation is said to he improved thereby ; the material is a brown 
stoneware. The leverage on the iron arm in this insulator is too great for strength. 

The iron holt is secured in its place in all these insulators by a sulphur cement. 






Vox txirns and terminals on tlie Frencli Hnes, the forms shewn in figs. 21, 22, are used, 
and permanent tightening ratchets of galvanised iron of the form shewn in fig, 23 are 
fixed at eyery mile, the supports being of porcelain, 

Seimms and Halske have designed a very perfect form of insulator which is 
usedthrong^p^i|i,o;^Eusi^ territory, and also in Prussia, aud from its strength and 


the line in order to insert an instrument in the circuit. It is also frequently used for 
terminating the line. 

The most convenient form of terminal insulators is perhaps that shewn in fig. 19 ; 
it is Bright’s patent, and is largely used in over-house telegraphs in our large towns. 
One or two insulators are attached to the bolt as may he found necessary ; when used 
as an intermediate support for long spans, or at bends in the line, two insulators are 
attached as shewn in the figure, and the conductor is completed hy soldering a short 
wire to the line wire at each side. 

Pig. 20 shews the insulator generally adopted in Prance. The iron hook by which 
the wire is suspended is cemented into the porcelain hy a mixture of sulphur and 
colcothar. It is simple and convenient, hut not so perfect an insulator as Nos. 14, 
15, 16 ; the surface between the iron hook and the pole being small, and in the shape 
of a single wide-mouthed bell, moisture accumulates there more easily than in the 
forms noM'’ adopted in England, and the resistance to the escape of electricity is less. 


No. 14 is adapted for bolting through a wooden cross-arm, as many as 32 insulators 
being sometimes supported on one pole in this manner. Nos. 15 and 17 are fitted for 
being nailed or screwed to the poles j and No. 16 for driving into the pole or into 
trees or walls. 

These insulators cost about Is. each. 

Pig, 18 shews the usual form of shackle which is employed for making a break in 


Fig. 18. 
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tlie perfection of tlie insolation it affords, it has given complete satisfaction. It is 
peculiarly suitable for the long lines of telegraph extending across the oninhahited 
steppes of Eussia, where the breaking of an insulator is a serious matter, if it occurs 
at a distance from a station, involving considerable delay and expense in the repair of 
the line. Fig. 24 is a view of the insulator, and fig. 25 shews it in section. Fig. 2d 



I is the ‘^spankoff’^ or tightening insulator used at every 500 yards. The insulating 

material is China-ware compressed by machinery which possesses great electrical 
resistance, it is protected by the outer hell of cast iron which is nailed to the post. 
A cement of sulphur and colcothar is used to fasten the hook in the insulator and the 
insulator in the iron bell. The wire is suspended in the iron hook below, which is 
made of such a shape as to grip the wire slightly. The ‘‘spankoff*’ holds the wire 
I in one of the lower notches, where it is secured hy a wedge of iron. A loop is then 

1 formed in the wire, and is passed through, the other lower notch, and a second 

I wedge secures it from slipping. On the approach of winter, parties are sent along 

I the line of telegraph to slack the wires, in order to allow for the contraction due to 
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the extreme cold of a northern climate. The loops left at each ^^spankoff” give a 
facility for this slacking of the wire. 

The insulators cost I 5 . Sd., and the *^spankoffs*’ 3^. Sd each (in England). 

Tn America telegraph lines frequently traverse forests for great distances, and at 
first the wire was often broken hy trees falling across the line. To overcome 
this difficulty, an open insulator, such as that shown in fig. 27, has been adopted in 

■■ ■ rig.27.' 





such cases, which allows the wire to slip freely through it between the tightening 
posts, situated at about half a mile apart. A falling tree bears the wire down without 
breaking it, the slack between tbe neighbouring poles being sufficient to allow for this 
depression; and unless the wire be pressed into moist earth, the telegraphic commu- 
nication is not interrupted, n is a cylinder of glass, having a hole through it, splayed 
at each end, so that the wire touches only in the centre. A is a flange projecting 
about a quarter of an inch, and having a notch ( 0 ) in its circumference ; d! is the 
opening through which the wire is introduced, p is the pole, in which an auger hole 
is first hored of sufficient size and depth to take the flange ; a smaller hole for the 
insulator is then bored through the post, and a saw-cut (c) is made to inti'oduce the 
wire. The insulator is first placed in the hole so that d/ is opposite to c ; the wire is 
then slipped in, and the insulator is turned until d is vertical, when a nail driven in 
at 0 keeps it firmly in its position. 

These insulators are frequently fitted in brackets and nailed to trees. 

In India, for the permanent lines, No. 1 galvanised iron wire is used, the supporting 
posts, of the best timber procurable, being socketed in screw piles 3 feet in length, 
screwed into the soil. The supports are at 110 yards apart. The insulators are pro- 
portionately substantial. Eor temporary lines, such as were established for military 
purposes during the late mutiny, the ordinaiy No. 8 iron wire was used, without 
insulators, and supported in a very rough manner on branches of trees, &c. During 
the dry weather the surface of the ground becomes baked so bard and dry that it is a 
very good insulator, and no difficulty was experienced in working through 200 miles 
of such a line ; hut in the rains these uninsulated lines become almost useless. 

* OONDTJCTORS IKStTLATBI) THROUGHOUT THEIR WHOLE LENGTH. 

Siibterrcinect/nt Coiiduciors. — The system of underground wires was universally 
adopted in Prussia when the electric telegraph was first established, and in England 
such conductors have also been very largely used ; but in almost every case they have 
now been taken np, and overground wires suspended in the air have been substituted 
for them. 

^ The reason for this change has been the very great difficulty of preserving the 
maulation of underground wires unimpaired, and of discovering and repairing faults 

. g^erally resulted from the decay of the insulating covering, — occa- 
sionally alsb irynry, either accidental or wilful. Various substances 
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Lave Iseen used for tlie insulating envelope. At first cotton or silk was wound spirally 
on tlie wire, wliicli was then coated witL resin and laid in wooden trouglis or iron 
pipes, or the wires were sometimes laid in a matrix of asphalte in trenches cut in 
the ground. India-ruhher was then thought of, and largely used, for covering wires 
in tunnels and other damp situations : this material was used in comhination with 
%tton and shellac, thin slips of masticated india-rubber heing wrapped spirally on the 
wire, and the overlapping edges united by the use of naphtha as a solvent; The 
insulation thus obtained was much superior to that which other materials had given ; 
hut after a short time the india-rubber began to oxidise, and soon perished, becoming 
sticky and falling away from tbe wire. G^utta-percba was then introduced, and 
although it failed in the same way at first, so that many hundred miles of underground 
wire had to be taken up, it was found that by covering the wires with tarred tape or 
yarn over the gutta-percha, and burying them in the ground, enclosed in pipes or 
troughs, much greater durability was ensured. A system of covering the wire with 
several independent layers of thin material was also introduced, and the occurrence 
of air-holes or defects from minute fibres left in the material was thus to a great 
extent obviated. LTot withstanding all these improvements, however, telegraph 
engineers are now universally agreed in preferring overground to underground con- 
ductors, both on account of their superior cheapness and durability and on account of 
the much greater facility of repair. 

The induction charge in long underground wires has also been found a practical 
disadvantage, necessitating the employment of electricity of greater tension, and 
reducing the rate of signalling, as before mentioned. A telegraph engineer of much 
practical experience states that a mile of No. 16 copper wire insulated with gutta 
percha and buried underground, offers as much resistance as three miles of equivalent 
wire suspended on posts in the air. 

In many cases, however, it is still desirable to use buried conductors for short 
distances, and the best systems now known are the following 

The conducting wire generally used is No. 16 copper, which should be compared 
with a standard for conductivity, as described under the head of ‘ Submarine Cables.’ 
The insulating material should be either gutta-percha and Ohatterton’s compound, in 
alternate layers, bringing the conductor up to No. 2 gauge, coated externally with 
Chatterton’s compound, and served with tape, as manufactured by the Gutta-Percha 
Company, or else pure ‘^para” india-rubber in two coatings, protected by an external 
coating of gutta-percha, and having a further protection of yarn or tape soaked in 
Stockholm tar, to preserve the insulating mafcerial from oxidation as far as possible.* 
Messrs. Siemens and Halske have patented a system of applying india-rahber to wires 
without the use of heat or solvents, by bringing the freshly-cut edges into close contact, 
when a very perfect joint is pi-oduced. They apply gutta-percha outside the india- 
rubber, and then cover the insulated wire by spiral layers of tarred cord, put on Uhder 
considerable tension to give tensile strength as well as protection ; and they use an 
external armour of Muntz metal, laid on spirally in an opposite direction to the cord, 
and in strips overlapping one another. Such a conductor is strong, durable, and 
flexible; and being protected in a great measure from mechanical injury, it seems 
well adapted for military telegraphs, to he laid on the surface of the ground and across 
rivers, &c., between points to be temporarily connected by electric telegraph. A 
cable of this description, weighing 3^ cwt. per mile, having a copper conducting 


* An external coating of marine glue has been used lately with great advantage ; but owing 
to the high temperature to which marine glue must be raised before it molts, extreme care is 

required in applying it over gutta-percha. 
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wire of No. 20 gauge, laas been subjected to the test of the wheel of a heayy pontoon 
waggon, with a ribbed tire, passing over it, on a paved surface, and it was not injured 
otherwise than by being somewhat flattened. 

For wires which are to remain underground, a protection by pipes of wood, iron, 
or earthenware is necessary. The best and simplest mode is perhaps to lay the wire 
in a groove in flat tiles, which are covered with similar tiles, brealiing joints, and set 
in hydraulic lime mortar. Oreosoted wooden troughs have been much used, generally 
with a galvanised iron M to preserve them from being destroyed by the blow of a 
■.■pickaxe.',' ,■■■'. 

Iron pipes have also been employed for the same purpose, made in 6-feet lengths 
and in two halves, with projecting lugs near each end to bolt them together. In 
streets of towns this is probably the best system, as it gives the greatest security from 
mechanical injury in taking up and relaying pavement, &c. 

Whatever system he adopted, it is necessary that cast iron test-boxes be provided at 
intervals of aboiit a mile, into which the wires are led and united by means of joints, 
Fig. 2S, ' such as shewn in fig. 28, with gutta- 

i| n - ' I insulating caps, to preserve them 

lin H ■ I ||lj from contact with the metal;, : , 

Iwi IMI mUh® testing-boxes are very generally 

liil IB Bi il lillii in the' shape of mile-posts, with a 

fraHitlL hHIIIi and key, which is a 

I I II I I The advantage of these testing-posts 

P 1 1 1 PI will be evident, as they give the means of 

* V * ' ^ discovering at once the position of a fanlt 

within a mile without difiaculty or injury to 
the wires. The defective mile can then be examined, either by direct electrical tests 
or, as is more generally done, by cutting the wire half way and testing each half, and 
repeating this operation until the exact spot is discovered ; but without such breaks 
at intervals, the discovery of a fault would be a very difficult operation, requiring 
careful a 9 .d delicate electrical tests, and even then the results would be uncertain. 

The joints in underground wires must be made with the greatest care. Fig. 29 
Fig. 29. shews the manner in which they 

removed from the ends of the 

- wire for a short distance, and the 

wire cleaned with sand paper ; 
the ends are then filed to a bevel 
SO as to fit together, when they 
are spliced together by fine copper 
wire hound round them. The joint is then heated in a spirit lamp and solder 
is applied.* The wire and gutta-percha near the joint are then warmed in the 
spirit lamp, and the gntta-percha tapered over the bare wire until the ends meet ; it 
is again warmed and a strip of thin sheet gutta-percha, about | inch wide wound 
spirally over it, and pressed on till cool. Its surface is again warmed and a second strip 
wound on in the opposite direction, — and for a very perfect joint a third strip may be 
advantageously employed ; a piece of | inch sheet gutta-percha is then applied in the 


^ Ihe Company use a second fine wire wound over the first, and soldered only 

at tlie ends, to the continuity of the conductor should the j oint be separated by a strain , 

The ends of the wires are sometimes twisted together ; but this makes a clumsy joint 
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same manner, and, wUeE cool, finished off with a warm tool, made for the purpose, 
working the old and new gutta-percha well together. Moisture, grease, and dirt 
should he scrupulously avoided, and care should he taken not to burn the gutta- 
percha. When india-rubber is employed next the wire the insulation at a joint is 
made good by winding thin strips of india-rubber over the joint, and covering it with 
sheet gutta-percha in the same manner as before described. 

In a commercial point of view it is not considered worth while to bury only one 
wire, the value of the wire being small compared with the attendant expenses, and 
the advantage of having a second conductor, in case one should fail, being very 
'great.';':,..,, . , , 

‘*02T THE COHSTKXJOriON OF SUBMABINE TELEG^BAPE OABIilS, IXTBAOTEI) PBOM THE 
EEPOBT OF THE COMMITTEE ON SUBMABIHE TELEaBAPES. 

* ‘ 1. The Conducting Wire . — The conductivity of the metal, other circumstances heing 
the same, does not influence the amount of induction ; a had conductor', therefore, 
increases the resistance, the induction remaining the same. Hence the conducting 
wire should be formed of the material which possesses the highest conducting power 
which can he selected. To ensure this it is desirable in contracts to provide that the 
conductivity of the wire shall be equal to that of a standard wire at a specified tem- 
perature, and then what the wire wants in quality must he made up in quantity at 
the contractor’s expense. It is, however, better to obtain the material with the 
liighest conducting power, because the larger diameter of the inferior conductor would 
give rise to increased induction. The standard wire should be of some metal or alloy 
not liable to oxidise, and not subject to rapid variation in conductivity from change 
of temperature. The metals and alloys we have- described in an earlier part of the 
report appear well adapted to the purpose.* ^ ^ ^ ^ ^ ^ 

** The conductor should he formed of a strand of wire, or of some modification of the 
strand form, so as to prevent the fracture of one of the wires rendering the whole 
cable useless. 

* ^ 2. The Insulating Covering.— Oi the materials which have been submitted to us the 
best insulator by far is india-rubber . Wray’s compound (a mixture of india-rubber, 
shellac, and silica), and pure gutta-percha, nearly resemble india-rubber in its 
insulating properties. 

“The induction discharge is directly as the length of a wire. The amount of indue* 
tion discharge from wires of different diameters with coverings of various thicknesses 
of the same insulating material may be assumed to be, for practical purposes, directly 
as the square root of the diameter of the wire, and inversely as the square root of the 
thickness of the insulating envelope. 

* ‘ Hence by increasing the diameter of the wire and the thickness of insulating cover- 
ing in the same proportion, the amount of inductive discharge remains the same. The 
force of the current in a voltaic circuit increases as the square of the diameter of the wire 
(the length of circuit heing constant, and the resistance of the batteiy being inconsider- 
able as compared with that of the metallic portion of the circuit), consequently, if it be 
found inconvenient to increase the conducting wire and the insulating covering propor- 
tionately, greater advantage will he obtained by increasing the diameter of the wire 
than the thickness of insulating covering, for whilst the covering remains the same 
the induction dischai'ge increases only as the square root of the diameter of the wire, 
whilst the force of the current increases as the square of the diameter ; and if the 
insulating covering be varied, tbe conducting wire being constant, the strength of tho 

* Soc pago 641. 
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current ■will remain tiie same, but tKe induction will only decrease as tlie sq.uare root 
of the tkickness. 

“ India-rubber surpasses all other materials in the smallness of the amount of its 
inductive discharge and the perfection of its insulation. A coating of india-rubber is 
fully equal to a coating of the gutta-percha, hitherto in use, of double its thickness. 
Wray’s compound and the recently manufactured pure gutta-percha closely resemhle 
inclia-ruhher in both these respects. The mixture of imperfectly conducting materials 
with gutta-percha has the disadvantage of greatly reducing the insulation and 
increasing the induction. The interposition of cotton-thread between the wire and 
an insulating coating Considerably increases the induction and diminishes the insula- 
tion. The induction is augmented because the cotton-thread, which is a had 
insulator, increases the surface of the conductor ; and the insulation is impaired, not 
only because the insulating coating is diminished, by the thickness of the cotton, hut 
probably also in consequence of the great inductive action. The interposition of 
cotton between two layers of insulating material is equally disadvantageous. The inter- 
position of a viscid insulator between two coatings of insulating material neither 
decreases the induction nor improves the insulation of the line, hut the viscid fluid 
has a tendency to fill up air holes or flaws in the insulating coatings. Glenerally 
speaking the more perfect the insulating property of the material is tbe less is its 
inductive capacity, 

‘‘ India-rubber and Wray’s compound are not perceptibly affected by any ordinary 
increase of temperature, but increase of temperature has a very decided influence in 
diminishing the insulation of gutta-percha. This substance is, therefore, not well 
suited for cables to be laid in tropical regions. Temperature affects the induction dis- 
charge only in so far as it affects the insulation. 

“India-rubber and gutta-percha are subjeot to deterioration by exposure to the 
action of oxygen in the presence of solar light ; but when light is excluded gutta- 
percha will remaiu for months, and india-rubber for a considerable period, unchanged 
in air, and both will remain unaltered for years in water when light is excluded j 
indeed, sea water is peculiarly favourable to the preservation of gutta-percha, 
especially when coated with Stockholm tar. As regards Wray’s compound, we 
have seen a specimen of his No. 2, which it is stated has been exposed to ""alter- 
nations of temperature and exposure during two years, hut sufficient time has not 
elapsed since its introduction to enable ns to express a definite opinion as to its 
durability. 


“India-rubber, gntta-percha, Wray’s compound, and Chatter con’s compound, all 
absorb water; the absorption is more rapid from pure water than from seawater, 
and more rapid from sea water than from concentrated brine. The thickness of the 





material affects the rate of absorption in a peculiar manner. The absorption of water 
by thick sheets stops short at a limit which is rapidly exceeded by thin shee^^ 
pressure does not appear to increase the amount of absorption ; and it does not 
appear that this absorption is to he feared as a cause of deterioration in submarine 

cables,^:.;" ' , , 

Pressure greatly improves the insulation, whilst it is being applied, and this effect 
is more perceptible as the substance is a worse insulator ; but it does not appear that 
pressure exerts any influence on the amount of induction discharge. 

The manner in which gutta-percha can he manipulated and placed on the wire by 
bang forced through a die, renders it less liable to flaws when laid over wire than 
india-rubber j,but„india-ruhber is generally more free from impurity than ordinary 
gntta-p^chA. more perfect insulation afforded by india-rubber, pure gutta- 
percha, and Wraf k. topouud, enables flaws to be detected which would pass 
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nnn nf.ioed with ordinary gutta-percha. The occurrence of flaws in the insulating 
covering of conducting wires can be best guarded against by laying on the material 
in several coats, and by testing each of the coats under water at a specified tem- 
perature. These electrical tests should be continued during the covering, and 
whilst it is being submerged, in order that comparative results may be obtained 
throughout. 

TliG ^sotema^ form of the outer covering must in each case 

depend on the local circumstances affecting the site in which the cable is to be laid ; 

and in selecting it, regard should be had to the fact that it is necessary to provide for 

the repair of the cable everywhere, except in depths which interpose a limit to the 
possibility of raising it. 

*llt should be such as to protectthe internal core against injuries or strains in laying 

or in raising for repairs, against the attaohs of marine animals, and against abrasion 
upon a hard bottom ; and it must be capable of having joints made in it with ease. 

It should be such as to give the cable sufficient specific gravity to ensure its sinhing 
evenly. The material by which strength is given to the cable should be effectually 
protected against corrosion, and should be arranged so as to furnish the required 
strength with the minimum amount of elongation. 

“The suggestion that the materials used ia the external covering should not be 
sufficiently good insulators to prevent the detection of injuries to the internal core 

during the process of covei'ing, is one which deserves consideration. 

“ 4, Geiieral Conclusion as to Form of Calle.^The construction of a shallow water 
cable must, of course, differ from that of a deep sea cable. The shallow water cable 
will not be much subject to injury in laying from the strain brought upon it, but it 
will be liable to abrasion and injury from currents, anchors, and other causes, and 
must, therefore, be constructed with a view of being raised frequently for repairs. 

For this class of cable the preservation of the outer covering from corrosion is of first 

importance. The most desirable covering would, if it could be found, be a strong 
metallic covering not liable to corrode in sea water, rather than iron wire covered with 
; hemp or other material. For cables beyond the reach of anchors, and even of strong 

currents, it may be necessary to employ iron or steel wire to obtain the necessary 
strength for raising for repairs, either during laying or after they are laid. In this 
case the danger from abrasion is less, and the iron or steel wire must he protected 
! from corrosion by means of some outer covering. We think such a covering is to be 

' sought in tarred yarn, protected by some cheap compound of gutta-percha or india- 

rubber. The wires by which strength is given should be laid longitudinally, or with 
a very slow turn, and must he kept in place by special binding, oi- by means of the 
covering compound. Cables of this general form may also, we believe, be made 
applicable to the greatest depths which will he met with. In any case the outer 
covering should be so devised as to prevent a strain coming on the core j and the 
specific gravity should be adapted to the depth, and be such as to ensure the cable 

sinking evenly. i . 

“With our present experience, we believe the safest core for a submarine cable is a 
strand of poiest copper wire, in -whioh solidity is ottained by.one of tie arrangements 
before mentioned, and coated— according to tie locality in ■which it is employed— -with 
purified gutta-percha or with india-rubber protected by a coTering of gutta-peroha, 
and the whole served round with tarred’ hemp to form a bed for receiving the pro- 
tecting external wires : each coating of insulating material should be tested in water 
of a specified temperature to ascertain that its insulation was e^ual fo a speoifled 
standard. The sise of the conductor and the thiokness of the insulating material 
should be such as to allow of tbe line being always worked with moderate oun-eate. 


I 




656 


VOLTAIC ELECTRICITY. 


is 

4 

j. 

1^ 


44 


J ' 




> |P 


^ -f 



A long cable must, bowever, insulate sufficiently to resist tbe tension arising from 
currents termed ‘deflections,’ or ‘eartb currents,’ wMcb Mr. Varley states have some- 
times, in a distance of about 70 miles, a tension of more than 100 cells of Daniel’s 
battery. 

“LATIKa AKI> MAINIENANOE OF SUBMAHINE OABnES, 

“Before the route in which a submaiine telegraph cable is to be laid is decided on, 
a careful and detailed survey of the nature and inequalities of the bottom of tbe sea 
should be made, and that line selected where there are fewest probabilities of injuries 
from mechanical or chemical causes, and where (if possible) the depths are such as to 
allow of the cable being raised for repairs. In such a survey it is of more consequence 
to ascertain the relative differences of level of the bottom of tbe sea at every step 
than the actual depths ,• and it would be of great advantage for this purpose if some 
instrument could be devised which would enable the actual outline of the bottom of 
the sea to be traced. The actual position in which a cable is laid should be defined 
with tbe greatest precision attainable, to facilitate future repairs. 

**Apparaim for Laijinff Submarine GaUes.^ThQMlu^^^ which have occurred in 
laying submarine cables are mainly attributable to the employment of ships which 
have not been constructed for the purpose, and of defective paying-out apparatus. 
This latter must depend so entirely upon the form of cable to be used, and tbe depths 
in which it is to be laid, that it must be left to the engineer to devise in each case. 
In depths where repairs are possible, the amount of slack paid out should he sufficient 
to enable the cable to be raised without injury for repairs. 

“ The question of the ships to be used is one of great importance, to which sufficient 
attention has never yet been paid. The ship should be of large capacity, to admit of 
the cable being coiled easily without injury, and great care should be taken to isolate 
the hold from the engine-room ; it should be of a form to allow of the cable being paid 
out without any material alteration in the trim of the ship taking place ; it should 
have sufficient power to enable it to maintain a speed of from 4 to 6 knots per 
hour in the direction in which it is proceeding, in any weather ; and it should be veiy 
steady in a rough sea. These qualities point to the necessity of special ships being 
built for the purpose. There are difficulties in the way of this being done by 
contractors for laying cables, because they cannot afford to have ships idle on their 
hands, and they consequently either hire a ship or build one to serve afterwards for 
other purposes. But we believe that a ship of the construction we have shown to be 
necessary for laying a cable would, when not employed in laying cables, be found 
extremely useful for the ordinary purposes of commerce.” 

ImtrniiMnts, 

The electric telegraph instruments now in use, although very various in the details 
of their construction, all depend upon the three following electrical phenomena for 
their efficient working : — 

1. The. deflection of a magnetised steel bar, which is free to move on an axis when 
a current of electricity passes through a conductor in close proximity to it; the 
direction of the deflection being dependent upon the direction of the current and the 
position of the conductor with reference to the magnet, and the effect being greatly 
increased by causing the conductor to pass many times round the magnet through the 
coils of an insulated wire. These phenomena are made use of in nearly all the varie- 
ties of the needle telegraph and the galvanometer. 

temporarily communicated to soft iron by the passage oi 
a cmureAfe <^„€|^<^icity through an insulated conductor coiled round it, the instant loss 
of its or le^ completely on the cessation of the electric current, and 
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the reversal of Its magnetic poles on reversing the direction of the current of 
electricity. ' 

The electro-magnet is employed in some varieties of the needle telegraph and in 
nearly all other forms of electric telegraph. 

3. The chemical decomposition of certain solutions when traversed hy a current of 
electricity. This effect of electrical action is used in some of the printing telegraphs. 

The needle telegraph; being the simplest and also that which has been hitherto 
adopted for military purposes, merits our first attention. 

The receiving part of the instrument is similar to a galvanometer— an instrument 
which is of the greatest use in electrical researches. Galvanometers are of various 
constructions according to the purposes for which they are intended, but the principle 
is identical in all. A magnetised needle, or har of steel, is suspended on an axle in 
the centre of a coil of insulated wire, through which the current of electricity passes 
and reveals its presence, its direction, and its quantity by deflecribg the needle to the 
right or left with more or less force. "When the effects of currents of great quantity 
but small tension are to be observed, a few turns of a thick wire are used, offering hut 
slight resistance to the current, nearly the whole force of which is therefore circulated. 
If the current be weak in both quantity and tension, the same description of wire coil 
is used, but the needle is suspended horizontally by a fibre of unspun silk, and the 
force of tenrestrial magnetism is overcome by using a second needle of equal magnetic 
force, fixed on the same axis above the other, and pointing in an opposite direction. A 
galvanometer so arranged is nearly astatic, and is exceedingly delicate, the current in the 
tipper portion of the coil acting on the lower face of the upper needle, and producing 
the same effect as the double current on the lower needle. For currents of consider- 
able tension, and but small quantity, such as practically arrive at a telegraph station 
after having passed through long conducting wires and having suffered much loss from 
defective insulation, a great number of convolutions of a fine wire are employed, the 
resistance of the coil used being directly as the tension, and inversely as the quantity 
of the currents of electricity in circulation. 

In the form of galvanometer generally used for telegraphic purposes, the indi- 
cating needle is vertical, and outside the coils, and is fixed on the same axis as the 
magnet, inside the coils, which is influenced by the current. The indicating needle is 
itself magnetised in the opposite direction to the latter, in order to increase the sensi- 
tiveness of the instrument ; and this arrangement is generally adopted in the receiving 
parts of needle telegraphs. 

The motion of the needle in telegraph instruments is confined within narrow limits 
by means of stops, in order that the beats to the right and left, hy means of which the 
letters of the alphabet are signalled, may he clear and distinct ; but in galvanometers 
the needle is allowed to move freely over 90® on each side of the zero point, and the 
egrees are marked on the dial of the instrument. 

Sometimes instruments are arranged with moveable stops, so that they can he used 
either >s galvanometers or as telegraph instruments. Such an instrument is shown 
n figs. 30, 31.* This arrangement is very convenient for a portable instrument to he 
used in the repair of a telegraphic line, hnt is not well suited for general purposes, 
as the galvanometer needle, to be sufficiently delicate, must be made to move more 
lightly on its axis than is found to be compatible with tbe dead beat free from oscilla- 
tions required for a telegraph instrument. 


The instrument coils 1 1 are so arranged that the magnet can bo reached through the space 
left between them, and re-magnetisod without removing any part of the apparatus. The 
stops p p can be drawn back, by moans of the screw o, when the instrument is to be used 
as a galvanometer. 


£ 1 . 
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TLe quantity of electricity in circulation cannot be measured directly by tbe amount 
of deflection of the needle of the ordinary galvanometer, but by special arrangements, 


explained in the appendix, the quantity of electricity can be compared directly with 
the sines of the angles of deflection in one form of galvanometer, and with tbe tangents 
of those angles in another form. The ordinary galvanometer, however, although it is 
not a perfect . instrument, serves to indicate the existence and direction of the electric 
current, and, approxnaately, its force, and is in most general use. If a thick wire is 
wound on the coi^ the instrument is suited to the measurement of quantity currents, 
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and is termed a * * quantity galvanometer.** If a great length of thin wire he used, it is 
termed an “ intensity galvanometer.** 

The coils of a needle telegraph are generally formed of Ko. 36 copper wire insnlated 
with silk or cotton, and of such a length as to offer a resistance equivalent to from 
14 to 25 miles of the standard copper wire. 

The shape of the magnetised needle in a telegraph instrument is of some import- 
ance, and much attention has been devoted to this point, the object being to obtain the 
form which shall be acted on most powerfully g,, 

by the current, which shall give a ‘‘dead ■ ' ^ 

beat’* when deflected by the current and 
allowed to return to its point of rest, with- /:|iiiji 
out continuing to oscillate, and which shall 

retain its magnetism most strongly even 1 1 . Jr 1 jV . . 

when subjected to the influence of powerful {) x!j;l|j M 

currents of natural electricity. The form v P 

which appears to combine these advantages 
in the highest degree is that proposed by Mi\ 

Highton, and adopted by the Magnetic Telegraph Company. It is in the form of a 
horse-shoe fixed on a horizontal axis in the centre of a circular coil, as shewn in 
fig. 32. TBe coil is made in two halves, one of which is taken off in the figure to 
shew the magnet with its axle and stops. The dial is also removed to shew the index 
needle, which in this case is of ivory, hanging downwards, and shewn on a black 
dial. The eye can follow the motions of this needle, without fatigue, more readily 
than those of a black needle on a light green dial, which is the more usual plan. 

The stops which limit the motion of Hightoris needle are screws passing through 
the brass frame of the coil, and acting directly upon the edges of the horse-shoe magnet. 
{Some advantage is supposed to result from this position, in the avoidance of reflex 
oscillations. 

Mr. Walker, the superintendent of the telegraphs of the Soutb-Eastern Bail way 
Company, prefers having a number of slioiii, highly magnetised needles placed . 
parallel to one another on a disc of ivory, while the more common shape of the 
magnet is an elongated lozenge. For slioi't circuits this last form answers very 
well, and being lighter than the horse-shoe magnet, it is moved by weak currents 
more sharply, and tberefore does not need so many convolutions of fine wire in 
the multiplier. For long circuits, however, the horse-shoe form is prefeiTed, as 
it is not found to be such a victim to “deflections” from currents of terrestrial 
electricity. 

During the prevalence of aurora borealis, and at other times occasionally, powerful 
currents of natural electricity traverse the conducting wires, and permanently deflect 
the needles of the instruments to the right or left for some time. ' A slight inequality 
in the axle or its hearings, or in the balancing of the needle, sometimes produces the 
same result. To meet this, the instrument-coils and dials are given an adjusting 
motion of rotation about an axis corresponding with the axle of the needle, which is 
thus brought into a central position with regard to the stops, and the signals can be 
made as distinctly as if no deflection existed, unless the disturbing force be most 
unusually powerful. 

The manipulating keys of needle instruments have been made in different ways, but 
the simplest form is Henley’s key, which has been adopted in the: military instruments, 
as shewn in figs. 30, 31. 

The two springs s s' are screwed to a block, in such a manner that when at rest 
they press upwards against the metal cross-piece 0. To insure good contact with this 
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metal, a steel point with many edges is brazed to the top of each spring, which presses 
it upwards into a cup in the cross-piece Cf. The springs are terminated at n N with 
finger-heys of ivory or ebony, or some other non-conducting substance. Underneath 
the springs are two metal points, against which they can be pressed down by the 
finger, and which are in metallic connection with the zinc pole of the battery ; o is 
in connection with the copper pole ; s is in connection with the earth, s' with the 
line wire through the galvanometer coils. 

A current coming from the distant station traverses the coils of the receiving 
instrument, deflecting its needle, passes from s' through o to s, and so to the 
earth. ■ ■ ■ ' ' ^ ' 

When s is pressed down, the zinc pole of the battery is connected with the earth, 
while the copper pole remains in connection through c and s' with the galvanometer oi 
the sending instrument, and through it with the line wire, and a positive current is 
instantly sent through the coils of all the instruments in the circuit, and so to the 
earth at the most distant station, A reverse current is produced by pressing down 
the key sV and thus the needles of the sending and receiving instruments are simul- 
taneously deflected to the right or left at pleasure. 



I 

; ‘ s 


‘ The more usual form of manipulating apparatus, and which is necessarily adopted 
in the dbuble needle instrument, is shown in fig. 33, 

ThebrM%lln#eiv 0 , is dirided into two portions, insulated from one another by 
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a circle of ivory in tLe middle j a steel arm is fixed to tLe upper surface of a, 
and a corresponding arm e to tlie lower surface of <?, ; e? is in metallic connec- 
tion with the positive pole of the battery through a, the axis o, the spring x' 
and the metal connection to the binding screw r. e is similarly in connection with the 
negative pole through x and n. The two springs r and j® are in connection with 
the binding screw t, to which is attached the earth wire, and the two corresponding 
springs on the other side, zV, are in connection Fig. 3L 

with one extremity of the wire of the galvano- 
meter coil, and through it with the binding 
screw n to which the line wire is attached. 

When at rest the two springs z z' butt against 
the metallic points at/; a, current of electricity 
arriving at n from a distant station can then 
travei'se the coils of the galvanometer, deflecting 
its needle, pass from z' to z through the points at 
/ and so to T and to the earth. 

A handle is fixed to the other extremity of the 
axis of the cylinder a c, by means of which it can 
be rotated to the right or left. When turned, 
as'shown in the figure, the arm d presses against 
the spring z\ forcing it away from / and making 
a metallic connection between the positive pole 
of the battery and the instrument coil, and 
through it with the line wire and the distant 

instrument, at the same instant the arm e presses against the spring y, thus connecting 
the negative pole of the battery with the earth; a positive current thus is sent 
through the instruments in circuit, and the needles are deflected accordingly ; a 



Fig. 35, 



partial rotation of the cylinder ac, in the opposite direction, reverses the con- 
nections and sends a negative current on the line, producing a deflection of the 
needles in the opposite direction. 


The manipulating handles are shewn in fig. 34, which gives a front view of a double 
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needle instrument. This an'dngement of key is very perfect, hut is more oomplioated 
than Henley’s, and therefore not so well suited for military telegraphs* 

The double needle instrument is merely a combination of two single needle instru- 
ments. It requires two line wires instead of one; but the increased number of 
distinct signals which can be made with the two needles enables a despatch to be 
transmitted more quickly than with the single needle instrument, and it is adopted 
on most of the railways in England. The ordinary rate of signalling is from 16 to 
18 words in a minute, and as many as 25 or even 30 words have been read in special 
cases. In case of injury to one wire the other is available, and the instruments 
can be worked as single needles. The second wire is also very useful during 
magnetic storms, the deflections of the needle being obviated by using the second 
wire for the return current instead of the earth. The alphabet used with the double 
needle instrument will be understood from fig. 35, which represents the face of 
the instrument with its two needles. The letters A to e are made with the left-hand 
needle ; thus, a = two beats of the upper part of the needle to the left, e = one 
beat to the right, G = three to the right, o = one to the right followed by one to the 
left, n the reverse of o. h to p are signalled in a similar manner by the right-hand 
needle. The letters on the lower parts of the dials are made by moving both 
needles at once ; thus for s the needles are simultaneously deflected twice to the 
right (their lower extremities pointing towards the letter), for y the lower extremities 
of both needles are deflected three times to the right, Q is represented by the two 
upper extremities being deflected inwards, z by the reversed position of the needles. 

A special alphabet was formerly used with the single needle instrument, but the 
European Morse Alphabet has lately been adapted to it, by using the beat of the 
needle to the left to represent a dot and the beat to the right to represent a dash. 
This simplification is an important advantage. 


THE EUROPEAN MORSE TELEGRAPH ALPHABET AND SIGNALS, 


Alphabet. 


French accented e 


Magnetic, or 
Printing. 

Single 

Needle. 

Magnetic, or 
Printing. 

Single 

Needle. 

Magnetic, or 
Printing. 

Single 

Needle. 

A 

y 

J 

y// 

B , . - - ■ . 

\w 

a (») 

yy 

K — 

/y 

:T,' : „ - , ' 

/ 

B 

Aw 

L ---- 

\/v\ 

V - - - 

vy 

c 

/y 

M 

// 

11 (ue) - - — — 

v,// 

B 

Ax 

N -- 

/ \ 

Y, A- 

\\\/ 

E 

\ 

G 

/// 


y/ 

F 

\\A 

6(ce) ----- 

///v 

X / A 

/j 

e 

/A 

P 

J/ V 

'I 

U! 

H 

\\\\ 

Q 

//y 


//VN 

I 

\\ 

E. --- 

■A ■ ■ ■■■ - 

y^ 

■''Oh^, ; 

//A 


and never as separate letters. 
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ADDITXOKAIi Skxnais. 



Magnetic, or Printing. 

Single Needle. 

T Understood 


/ 

I or E Hot understood . . . 


\ 

Comma . . . 

^ Por printing. ^ 


S Q Full stop (.) . . . . . 



..J/J 

M Q Wt . . . . . 

_ ■ 

n hj 

Gf- Q Fresh paragraph . . . 

— ™ . 

//J/J 

P P Parenthesis ( ) . . . 

. 


CO Inverted commas (“ '*) . . 


AA /A 

L L Underlined . . . 


\A\ xAvv 

D Q End of address , . . ! 


U/J 

M M Instructions after message , | 


//// 

P Q End of message . . . 

-■ , « ; ■ 

: VA/A/ 

Correction (in sending) . 


' vAAX/// 

R R All right . . . . 

- — - 

vAxA 

Repeat, or ? 


\\//\\ 


Signals for Kumbers. 


Magnetic, or 
Printing. 

Single 

Needle. 

Magnetic, or 
Printing. 

Single 

Needle. 

2 • 

5 ----- 

V/// 

v/// 

NVV// 

\\\n/ 

\\\\\ 

6 - ---- 

/\\\\ 

//Av 

///A 

/A// 


In telegraphing on the needle instruments, give the signal F I before the 

figures and IF after them, sending each figui-e in succession. 

It will he observed that Moi'se’s alphabet is applied to the ordinary single needle 
instrument by using the beat to the right (/) for the dash ( — ), and the beat to 
the left (\) for the dot (-). In using the magnetic single needle instrument, or 
the printing instrument, the difference between and must be made by 

iiiMf but in using the ordinary voltaic single needle instrument the beats to the right 

or left may be made at an uniform rate, and as 
quickly as the eye can follow them accurately, a 
momentary pause being made after each letter. 

CODE TIME. 

Hours. Min, 

7 ...... 0 would be sent Q 


LL X 
MBS 



3 15 

11 59 

12 12 
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Rules for Spacing, The length of a dot being taken as the unit.— -1. A dash is equal 
in length to 3 dots. 2. The space between the elements of a letter is equal to 1 dot. 
3. The space between two letters of a word is equal to 3 dots. 4. The space between 
two following words is equal to 6 dots. 

The above rules are illustrated by the words below, “ at the hour named 
a t t h e h o 

u r n a m e d 




n 


In sending through long circuits, especially if submarine or subteiTaiiean, the dots 
must be made firmly and distinctly, thus, - - - and not thus, . . , . 

When several stations are connected by electric telegraph, each station should 
have a distinct “ call signal/’ such as i) 5, iVC/, &c. The prefixes Af A, and.^A, 
are also used to denote that the message is on seT'otce^ or private. 

In sending a message from one station to another, the following sy stem should 
invariably be followed : — 

1. Give the call signal of the station to which you are sending. 

2. When you have received the answer, send your own call signal, 

8. When you have received the answer, send the proper prefix, then the code 
time, and then the number of words in the message about to be sent, including 
the addresses, bnt not including “from ” and “ to,” which words are printed on the 
form. 

4. Send the addresses of the persons from and to whom the message is sent, and 
give the signal B Q, 

fi. Send the message. 

6. If necessary, give the signal M M, followed hy instructions how the message is to 
he forwarded. 

7. Signal P Q, signifying the message is completed. 

8. If the number of words sent back by the receiving station is not correct, send 
the right numher again, and then send the initial letter of each word of the address 
and message nntil the mistake is discovered. 

In receiving a message— 

1. On receiving your call signal, send back the same to signify yon are at your post. 

2. On receiving the call signal of the sending station, send back the same, signifying 



you understand. 

3. Beceive the message, giving the “understood” or “not understood” at the end 
of each word. 

4. Count the number of words you have received (as above), 

5. If there is an error, send and the number of words you have received. 
You will receive the correct number again, and then the initial letter of each word, 
which must be repeated back until the error is discovered. 

The great advantage of. the single needle instrument is its simplicity ; it is the 
simplest and most portable form of telegraph, and so ejBficient, that the Magnetic 
Telegraph, Company still employ it on their busiest lines. As many as 20 words in a 
minute be transmitted and read by expert operators j from 12 to 14 words is 
howev^-'^^'M&aa^ rate. 

In needle telegraphy the perscm sending a despatch sees the working of his own 
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needle, ivliicli assists him in sending correctly, and he is always in direct communi- 
cation with the distant station without the necessity of putting clock-work in motion, 
or any danger of the two instruments not being in adjustment together, as in the 
printing or letter- showing telegraphs. 

The instrument coils offering a comparatively feeble resistance, four or five instru- 
ments can be put into the same circuit without diJEhculty, and the same Instrument 
can receive and transmit in either direction. 

The disadvantages of needle instruments are that they do not record the messages 
sent, the strain on the eyesight is considerable, and two persons are required to receive 
a message quickly, one observing the motions of the needle and dictating the message 
as it is received to the second, who writes it. 

Messrs. Bright have patented a telegraph which is used in combination with single 
needle instruments on the lines of the British and Irish Magnetic Telegraph Com- 
pany. Two bells are used, one having a shrill tone and the other a 'deep tone. 
These bells are struck by small hammers set in motion by electro-magnets, the 
shrill tone corresponding with the deflection of the needle to the left, or the dot, 
and being produced by a current of negative electricity on the line, and the deep tone 
corresponding with the beat to the right, or the dash, by a current of positive 
electricity. A practised clerk can receive by ear, with this instrument, as quickly as 
he can write, and he is always in direct communication with the sender by means of a 
single needle instrument at the sending station. The bells require, however, a strong 
current of electricity to produce a distinct sound, and relay magnets and a local bat- 
tery are necessary, w’hich will be described under the head of the Morse instrument 
an arrangement of mufflers to deaden the vibrations of the bells is also used, and these 
complications unfit the instrument for military purposes. 

A simple instrument, giving two distinct sounds corresponding with the dofc and the 
dash, and showing also the movements of the needle to the right or left, might pro- 
bably be constructed, which would materially assist the receiving clerk and enable him, 
after some practice, to write the message as he received it by sound, and thus save 
time or a second clerk. Steinheil constructed au instrument which appealed to the 
senses both of sight and hearing, in the early days of electric telegraphy ; but it 
was never brought into general use, probably on account of its being too complicated. 

“When several needle instruments are in connection in the same circuit the line wire is 
cut at each station, and the ends united by an insulating shackle, from each side of 
which a wire is carried into the office, one being attached to eoLTiJi wire terminal and 
the other to the line wire terminal of the instrument. Each instrument has its own 
battery, and is thus always ready to receive or send a message, whioh will be sig^lled 
at every station in the circuit — the curi'ents passing through the whole line and all 
the instruments from the earth at one extremity to the earth at the other extremity of 
the line. ■ - 

When several instruments are thus in circuit, it is often useful to break the con- 
tinuity of the line at some point so as to form two or more independent circuits j thus 
if stations A, B, o, and j> are all in connection. Each instrument has its battery, but 
only the two terminal stations have earth wires, the current passing through the 
instrument coils of the two intermediate stations. If A wishes to communicate with 
B, the message can be read at o and d also, and the stations o and d cannot com- 
municate until A and B have ceased. Arrangements called switches” or ^‘com- 
mutators” are used to obviate this difficulty — a simple form is shown in fig. 85 . Three 
brass plates a, &, c, are screwed to a piece of varnished mahogany, and holes are bored 
at X, y, z. Wires are brought from the earth terminal and line wire terminal of the 
instrument to binding screws at a and 5 , and c is connected with the earth ; a brass 
VOL. nr. X X 


X X 
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pin can be inserted in cc, y, ov z. If placed in x, the current between tlie other 
stations will pass from a to Z* tbrongli the brass pin without affecting the instru- 
gg ment in connection with it, and the 

resistance of its coils will thus be 

j^ineTn^ire nine 7 tj-iP 6 taken out of the line. If placed at ?/, 

: ■ ■' the instrument is in direct communi- 

^ g cation with the stations on the right, 

the currents arriving from that side 
passing through the instrument to 
a, and tlnwgh to the earth plate c : 
and if the pin he placed in s, the 
instrument is in communication with 
stations on the left in similar man- 
ner, the other part of the line being 
C* „ ^ , left free for communications between 

tlie remaining stations. 

Keedle Telegraphs are sometimes made with a horizontal needle, aiTanged in the 
manner shown in the sine galvanometer, %. 53. A permanent magnet must be 
placed near the needle to bring it to rest at zero. This method is adopted in India 
and is found convenient, as, by varying the position of the magnet, the disturbing 
influence of terrestrial currents is counteracted. 

Needle Telegraphs have also been constructed in which the deflections to the right 
and left are obtained by electro-magnets, instead of by the usual arrangement of the 
galvanometer. This system is recommended by some anthers on account of the 
superior sharpness and distinctness of the over those produced by the galvano- 
meter arrangement ; but it has not come into general use, because it requires more 
powerful currents of electricity, and either balance springs or reverse currents of 
electricity must he employed to overcome the residual magnetism of the electro- 
magnets : moreover, the magnetised needles must be carefully adjusted as to their dis- 
tance from the armatures ; if they touch them they will adhere. The electro-magnet is 
not employed to advantage when it has to move its armature through any distance, 
its force decreasing as the square of the distance. In the galvanometer the maximum 
force is employed to overcome the inertia of the needle and deflect it from its normal 
position, and the force decreases as the deflection increases. When electro-magnets 
are employed for the purpose, their minimum force acts at first, and it increases as 
the needle is deflected and approaches the attracting pole. 

Magnetic electricity has been largely employed for needle telegraphs. Mr, Henley 
manufactures an instrument on this principle, which is shown in fig. 36. A is a per- 
manent magnet, jt and s its north and south poles, b is a portion of a hollow brass 
cylinder, or wheel, on the surface of .which are fixed pieces of soft iron, a a' and 
which is moved tlirough a small arc on the central axis o, by means of the lever and 
handle h, its motion being limited by the stop n, against which two projections p j/, 
padded with india-rubber, strike. B being heavier than H, p' buts against i> when the 
instrument is in its normal state, e is an electro-magnet, its poles being horizontally 
beside one another, and so placed that a a^a” pass very close to them, hut do not touch 
them. In the normal position, a is opposite to n, and to the left hand pole of the 
electro-magnet, communicating to it, by induction, s polarity ; a* is opposite to s, 
and # hand pole of the electro-maguet, which thus becomes a n pole ; a" 

is tins position. When h is depressed, (t is removed from its position 

opposite tho left hand pole of the electro-magnet, and is replaced by a", which com- 
municates to". it* polarity, while a', still opposed to the right hand pole of the 
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rcTersing the polarity-of k. At each rerersal of the polarity of b, a momentary cm> 


Pig. 30. 



rent of induced eleotritsity circulates through its coils, which, "being in communication 
at one extremity with the earth, and at the other with the coils of the electro-magnet 

of its receptor, and so through the line wire to the distant station, affects both the 

needles at the same moment. In this instrument the needle is always acted upon 
by alternating reverse currents of momentary duration, and therefore it is necessary 
bo temper the poles of the electro-magnet of the receptor sightly, in order that they 
may retain some of the magnetism communicated to them by the momentary currents of 
induced electricity, and so hold the needle over to the side to which it may have been 
deflected until the reverse current, destroying the residual magnetism, imparts magne- 
’ tism of the opposite kind. The deflection to the left is taken as the zero correspond- 

t ing with the normal position of the lever B H, and the deflections to the right are 

given different durations to signify the and dashes of the Morse alphabet. 

! The signals given by this instrument are not so distinct and rapid and easily read 

as those on the single needle instrument worked by voltaic electricity, the signals 
representing the dot and the dash on the latter being deflections to the left 
right, which can he made with uniform rapidity, the zero being the vertical posi 
the needle. The induced electricity obtained from magnets has also the disad\ 
of being developed under considerable tension while it is small in quantity : the 
ditions require very perfect insulation in the conducting wires. 

The degree of tension may he lowered considerably by employing a 
the electro-magnet. A large pair of magnets, weighing about 50 lbs. 

' electro-magnets wound with No. 26 wire, gave currents of considej^ 

f of comparatively low tension : the resistance of the coils was about 20 miles. 

were constructed to work through 300 miles of over-ground wire, k pair of si 
magnets, having their coils wound with No. 40 wire, of such a length as to g 
; resistance of between 200 and 300 miles, produced a current of much higher tensio 

i much smaller in quantity : the least defect of insulation was sufficient to cut o- 

; communication between these instruments. Bor example, they worked per 

i throngh a well insulated cable 105 miles long, between Mahon and Barcelona 

I when used in connection with a cable 34 miles long, between Dieppe and Beachy 
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tBe insulation of wMcli was imperfect, no signals could be transmitted, altliongli 
Weak signals were obtained by the use of S6 cells of Daniel’s battery. 

The form of the armature of the electro-magnets in the receptors of these instru- 
Fig. 37. men ts is shown in fig. 37. The needle is attracted by two of 

the extremities of the horns, and repelled by the other two ; 
when the current is reversed in the electro-magnet, the attrac- 
tions and repulsions take place in the opposite direction. 

In order to reduce the resistance in the circuit, the coils of the 
large electro-magnet are excluded when the instrument is in 
the position for receiving, by the contact between the spud h 
and the spring /, / is in connection with the earth, and /<, 
through the brass framework of the instrument, with the coil 
of the electro-magnet of the receptor. 

Before dismissing the subject of needle telegraphs a brief notice must be made of 
Professor Thomson’s reflecting galvanometer, which was the only instrument by means 
of which messages could be transmitted through the Atlantic cable during tbe last 
days of its life. It consists of a light magnetised steel needle, suspended by unspun 
silk in the centre of a coil of fine wire ; a small mirror is cemented to the middle, and a 
lamp is placed so that its light may he reflected by the mirror. A very slight movement 
of the needle causes a considerable movement in the spot of light which is thrown upon 
a graduated arc of a circle. The needle is brought to its zero by means of a magnet. 

This arrangement was found very useful on board ship in laying the Atlantic 
cable; the needle, being suspended by its centre of gravity, was not affected by the 
motion of the vessel. And after the faults in the cable had reduced the force of the 
currents arriving from Newfoundland to so low a degree that no other instrument 
would give any indication of the signals, this delicate galvanometer continued to 
work satisfactorily, until the faults increased so far as entirely to cut off the com- 
munication through the cable. 

These instruments are chiefly valuable from their not requiring 
any special training in the operator, a very little practice enabling any one to send 
or receive a despatch by their means. They are more complicated and expensive than 
the needle telegrapb, and the same rapidity of transmission cannot be attained with 
them as with the latter. They have the same disadvantages of not recording their 
message, and requiring two clerks, one to receive and the other to write. The simplest 
of these instruments is probably Henley’s dial telegrapb, shown in fig. 38. 

The horizontal dial, carrying tbe letters, is supported above the base board of the 
instrument by a vertical rod, which passes through the hollow axis x of the brass 
wheels w w". The handle d is also attached to x by an arm underneath the dial, so 
that as the handle is moved round the dial the wheels move with it. c is a com- 
pound horse-shoe magnet ; its power (depending chiefly on the number of laminse or 
plates) is suited to the electrical resistance of the particular circuit through which it 
intended to work. 

The magnet is generally powerful enough in these instruments to work another 
instrument at any distance up to 50 miles, n is an electro-magnet, the core 
being in the form of a horse-shoe, and tbe poles being vertically above one another, 
and between the two poles of the permanent magnet. On the circumference of each 
of the wheels w w' are secured 13 pieces of soft iron a, <*, a, — a\ a\ a\ of such 
a slz^' and so placed with respect to one another, that at the moment when a is 
north pole of the permanent magnet, a! is opposite to the south pole, 
a % induetioh north polarity to the upper end of the electro-magnet, while 
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handle Las "been moved throngh the 26th part of the circumference of the circle 
(corresponding with the distance between two letters) : at the instant ot each reversal of 
the pole of the electro-magnet effected in this manner, currents of electricity in 
alternate directions pass through its coils. 

One extremity of the coil wire is connected with the earth, the other with the coils 
of a small electro-magnet (behind the receiving dial of the instrument), through which 
each induced current passes, then traverses the line wire to the distant instrument, 
circulates through the coils of the electro-magnet of its receptor, and so passes to the 


Fig. 38. 



I earth through a short circuit formed by the spring s, and a screw on the metal plate b ; 

5 these touch each other only when the handle is brought to zero, a roller r on the 

j spring passing at that moment into a notch on the under side of the lower wheel, and 

I thus allowing s to rise and come into contact with b. The object of this is to cut out 

I of the circuit the resistance of the coils on the large electro-magnet, which is equal to 

j several miles of the line wire. 

I The alternating currents of electricity thus circulated through the coils of the 

I electro-magnet of the receptor work an escapement in the following manner : — 

j Pieces of soffe iron are fixed on the poles of the electro-magnet, forked at their ends, 

I and approaching each other very closely ; the lower end of a magnetic-needle hangs in 

i the slot so formed, and being always within and surrounded by the soft iron, it is 

i acted upon much more powerfully hy the magnetic force than if it simply vibrated 

between the poles of the electro -magnet. The other end of the needle is formed into 

two pallets, which, by its alternate movement, act on inclined teeth on the opposite 
sides of an escapement wheel, the teeth being cut in a peculiar way to prevent recoil. 

I The small index-hand of the receptor is thus made to revolve in the same manner 

? as the seconds hand of a watch. 

It will be evident from this description that the movements of the handle cl, will be 
I exactly followed by the small indes-haud on the receiving dials of both insti-uments, 

I whatever letter is indicated by the position of cZ, "being also pointed out by the index- 
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hand of the- receptors, and thus messages can he sent and receiyed by any person after 
a little practice without the knowledge of a special alphabet. 

The spring and button on the left of the instrument are for setting the index-hand 
of the receptor, should it at any time get wrong. On slightly raising the spring the 
circuit is broken with the coils, so that x> can be moved to the same letter on the 
large dial that the index points to on the dial of the receptor, ■without any current 
passing. On pressing the button down, a short circuit is formed between the two 
outer terminals connected with the line and earth wires, so that the handle n on the 
large dial and the index of the receiving dial will be moved simultaneously round to 
zero without affecting the distant instrument. 

An instrument very similar in construction, but worked by Voltaic Electricity, is 
made by the same person, and is preferable in some points of view. The rotation of 
the dial is more easily effected than in the magnetic instrument, in using which some 
force is required to overcome the attraction of the magnets : but for short permanent 
circuits the magnets are generally preferred, because the voltaic batteries give some 
trouble, and the maintenance of a sufficiently well insulated line for short distances is 
not difficult. 

Messrs. Siemens and Halske have a magnetic dial telegraph, somewhat on the same 
Fig. 39. principle as Henley's, They 

the soft iron armatures of the 

of brass, and has two strips 
of soft iron sunk into its circumference parallel to its axis, and in communication 
with the poles of the soft iron core of the electro-magnet inside it. Opposite 
polarities are induced in these strips of soft iron as they come alternately opposite the 
north and south poles of the permanent magnets, and alternate ciUTents of positive 
and negative electricity are thus generated and transmitted to the distant station, 
setting in motaon index-hands by an escapement somewliat different in form but 
similar in principle to Henley’s. The serrated wheel, w, enables the operator to stop 
the handle at any particular letter with greater certainty. 

These instruments have been largely used in Russia, Germany, Turkey, and Sweden, 
and have glvea- great satisfaction. 

was the first to use a dial telegraph worked by magnetic 
electricity, he lately improved upon his original instrument, which is now a 
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most beautiful and perfect piece of mecbanism, thougli somewhat complicated in its 
details. He uses a constant succession of alternating currents produced by rotating 
armatures, the permanent magnet and electromagnets being fixtures. A number of 
metal levers are connected with buttons placed round a dial, and corresponding with 
tlie letters of the alphabet and other signs upon it ; an index-band is attached to this 
dial, which moves round under the influence of the electric current, and points to any 
letter the button opposite which may be depressed. An “indicator” is attached to 
each instrument, having a small dial and index-hand. The operator with one hand 
communicates a rotary motion to tbe armatures by means of a small winch and handle 
and multiplying wheel, and with the other presses down in succession the buttons 
opposite to the letters he wishes to indicate. Whenever a lever is depressed, the index- 
hands of the “transmitter,” and of both the “indicators,” are set in motion, and 
revolve until the letter is reached the lever of which has been depressed, when the 
currents of electricity are diverted into another channel, and the hands stop and indi- 
cate the letter. By the action of depressing any one of the levers, any other lever 
which may have been depressed before is raised, so that only one lever can be depressed 
at one time. 

The advantage of this system is, that an uniform rate of rotation being preserved, 
the force of the alternating induced currents is uniform, and there is less liability to 
error from the escapement failing to move the index-needle, than in the case of the 
simpler instrument as constructed by Mr. Henley. The force of the induced magneto* 
electric current depends very much upon the rapidity with which the contact is broken 
and made ; and a hesitation in the movement of the handle of Henley’s dial may so 
reduce the force of the currents, that the needles at the sending and receiving stations 
may not move synchronously.* 

Both systems are, however, coming into use in our large towns for communicatmg 
between mercantile firms and warehouses, &c., and appear to give great satisfaction ; 
an alarum bell is generally attached to the instrument,, which can be put out of circuit 
by a switch. 

In France, a system of dial telegraphs (T^14graphes d Gadran) has been adopted ex- 
clusively on the railways — a very perfect instrument, invented by M, Breguet, and 
worked by voltaic electricity, being generally used. The mechanism of this instrument 
is somewhat complicated. The motion of the index-hand is not produced directly by 
the electric current, but by clockwork, the escapement of which is so arranged with 
two ratchet wheels and a catch which oscillates between them under the influence of 
an electro-magnet, that each current of electricity which is transmitted on the line 
releases a tooth of one of the wheels and catches the succeeding tooth of the second 
wheel, allowing the index-hand to perform a revolution of ^th of the circumference, 
or to pass from one letter to the next. The manipulating handle of the transmitting 
dial is in connection with a wheel, having pieces of metal inserted in it in such a 
manner as to make and break contact with the battery (or in some cases to 
the current from the battery) 26 times in the course of one revolution, a separate 
pulsation being transmitted for each letter or figure on the dial. / 

When several of these instruments are combined in one circuit, each intermediate 
station has two alarums and two galvanometers, one for the line on the left and 
for that on the right. 

In the normal state of a station, e. e., ready to receive a dispatch from either 


\ * Siemens and Halske’s instrument appears to hold an mtenuediate position : more compli- 

I cated than Henley’s, it nevertheless seems less liable to error from unsldlM manipulation, 

i owing to the greater distance between the soft iron armatures and the moro yai>id motion 

1 communicated to them by the multiplying wheels. 
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direction, the alarum and galTanometer on each side are pnt in oommunioation -with 
the line wire, on that side and with the earth by means of two commutators, so that 
a current arriving from either side rings the bell on that side only. 

^ When one of the bells is mng, the operator turns his commutator , so as to throw 
that bell out of circuit, and the instrument into circuit with the line on that side and 
the message is.received. ’ 

Should the distant station wish to communicate with the station on the other side 
of that with which it is in direct communication, a signal is transmitted to that eflFect, 
which si^al is repeated at the receiving station and sent on to the next, and so on 
from station to station; and each operator, after having done so, turns his commutators 
so as to throw his alarums and his instrument out of circnil^ and to allow of direct 
oommimication, the current passing only through his galvanometers. 

^^ During the transmission of the dispatch between the distant stations, the needles or 
the galvanometers are agitated; when they return to rest, the intermediate stations 

inowthat the dispatch is finished ; they then restore the connections to their normal 
conaition. 

^ This is the system adopted on the French lines of railway, and very generally on 
the continent of Europe, and which, it will be observed, is more complicated than the 

sysfcem of needle telegraphs used in England. 

The advantage is , that comparatively untrained operators can work the telegraph 
but this advantage appears rather problematical, as trustworthy and well-educated 
persons must always be employed on such duties ; and the alphabet and manipulation 
of the needle telegraph becomes perfectly familiar to an intelligent person of good 

ifaSvto'Lon* f ^Perior simplicity and cheapness, and less 

liability to get out of repair or out of adjustment, and also the greater rapidity with 

PRISTTINa TELEGEAPHS. 

_ The most mmple and most generally used of these is of American origin, invented ' 
by Professor Mor^, and adopted in America at the same time that Messrl Cooke and 
Wheatstone introduced the needle telegraph in England. 

The Mmse telegraph, slightly modified and improved, is now adopted on almost all 

exeromed by an electro-magnet on a soft iron armature attached to one arm of a lever, 
the other arm of the lever carrying a pen, which is brought into contact with a strip 

“ ™g“lar motion by 

clockwork; and as currents of longer or shorter duration are circulated through the 
electro-magnet, it attracts the armature in a corresponding mannei^ and the pen marks 
^ % Fig, 40. lines on the paper of different lengths, sepa- 

y. spaces when no current is passing. 

lines and spaces are combined into 

• fi]M ■ words, according to the a 

V . , .given at page 662* . The trahsmission of the 

' ■ <JuiTents of electricity is effected by tbe 

^P^rator by means of a key, shown in 
figure 40 : k is a brass lever, having at the 
vt XV ... y * , I . . , ®3ctremity of the longer arm a button, p,. of 

/ [ insulating material, adapted to - the finger 

^ and at the other end a screw 

.to “y 

A tffeeei point, is ^attached beneath XJie longer 'arm 'of the 
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lever, and two contact pieces of brass, a and 5, are fixed beneath these points. A 
small spring, r, serves to keep the lever in its normal position, v being in contact 
with a, and ^ separated from 5. The lever is in connection with the line-wire 
through the fnlcrum s, and the binding-post 0 ; 5 is in connection with tbe positive 
pole of the battery through b j and a is in connection with the instrument throngh A. 



b 
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series of Buci. currents of different durations and at Tarious intervals can tHus be 
transmitted by the operator, producing corresponding signs on the receptor of the 
distant instrument, but which do not pass through his own instrument. 

In the original form of the Morse instrument, and which is still very generally 
employed, considerable force is required to emboss the signals on the paper, and the 
currents arriving at the station being in general too weak for the purpose, an instru- 
ment known as a relay is used to put in action a local battery of sufficient power to 
produce the required effect. These relays are of various forms ; one of the simplest 
is shown in fig. 41, which is a view of a complete Morse instrument of a pattern vei-y 
generally used throughout Europe. A modification has lately been introduced, 
which will be explained further on. The relay is on the right, e' is an electro- 
magnet wound with a great length of fine wire (having a resistance ordinarily of about 
120 miles) ; a metallic support, h, carries a lever, i»V to one end of which is attached 
the soft iron armature jl', in the form of a split tube, with the view of getting rid 
of residual magnetism, as far as possible, from the part which approaches the electro- 
magnet ; the other end of the lever works between the points of the two screws 
/' and ff * : gf' is insulated and supported by the hollow pillar is connected to a 
rod of metal inside this pillar, and insulated from it. A spiral spring, ri, is adjusted 
so as to draw 3>' away from f' when in a state of repose, and is so adjusted that 
when the armature a' is attracted by the electro-magnet, they cannot iSoMcyi one another, 
being prevented by the contact between and n' j n' is in connection with the zinc of 
the local battery through h and z j / is in connection, through V and e, with one end 
of the coil of the electro-magnet e, which works the apparatus. The copper pole of 
the local battery is in connection with the other end of the coil of E through c and d. 
The current from the distant station arrives at l, passes to e', and through the coils 
of the relay magnet to d^, and so to the earth through t ; e' becomes magnetic, attracts 
A', and makes a contact between and /V thus completing the circuit of the local 
battery through the electro-magnet e. The electro-magnet, e, has an armature, A, which 
is attached to a lever, n, adjusted in the same manner as by two screws, / and 
insulated from one another, and a spiral spring, r; the other extremity of n carries a 
screw-point, v, placed opposite to a groove in the barrel, 6, and adjusted so as to he 
in contact with it when b attracts a. A ribbon of paper about half an inch wide is 
coiled on the drum e, passed through the guide w, under the spindle o, and between 
the two rollers 6 and <», which grip the paper between them and draw it through at an 
uniform rate, as^a rotates by the action of clockwork inside the metal case b. The 
clockwork is set in motion or stopped by moving the lever 7c to the right or left 

To receive a message, the clockwork is set in motion, and, as each pulsation of 
electricity which arrives from the distant station communicates magnetism to b through 
the means of the relay and local battery, it attracts a with considerable force, and 
presses the point of v into contact with the paper ribbon as it is drawn through the 
rollers, and according as the duration of the current of electricity is longer or shorter, 
a longer or shorter mark is embossed on the paper. The moment the current ceases, 
the spring -r sdraws the point away again from the paper. By the combination of dotSf 
dasheSf and: spaces thus produced, the letters of the alphabet are repi'esented, and 
words can be transmitted at an average of 20 in a minute. 

A galvanometer is generally attached to a Morse instrument to indicate the passage 
of a current of electricity, Ih the embossing instrument it is not absolutely necessary, 
because the attraction of the armature by the local battery current makes a consider- 
able 5 .hut if not carefully adjusted, the armature sometimes adheres to the 
magnet,. s^.%ihas case no signal would be given, and the galvanometer would prove 
Ih ^ generally used. 
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Instead of embossing the signals on the ribbon of paper by mechanical pressure, 
Mr. Bain adopted the method of saturating the paper in a solution of prussiate of 
potash, and passing it over a brass wheel in connection with the positive pole of the 
local battery, the negative pole of the battery being connected with an iron point, 
which is kept in contact with the paper by a spring. A chemical decomposition is 
thus produced hy every current which passes, resulting in the formation of ferro- 
cyanide of potassium, or Prussian blue, in which colour the signals are printed. An 
acid solution was used at first, hut it has been found better to employ an alkaline 
solution of the salt, viz. : — 

As used in France : — 

Water . . . . . . * . 100 parts. 

Nitrate of ammonia . . . * , , 150 ^ ^ ^ ^ ^ ^ ^ 

Prussiate of potash . , , . . . 5 ,, 

Or, in England : — » 

A saturated solution of nitrate of ammonia in water . . 1 part. 

Ditto imussiate of potash . . , . 1 ,, 

Water . . , , . . . . . . 2parts. 

Liq[uor ammonia sufficient to make the solution decidedly alkaline. 

Phe paper preserves its moisture better when the alkaline solution is used j it is also 
cleaner and the marks do not fade. 

When stations are near together, and local batteries can he dispensed with, signals 
can be transmitted more rapidly by means of Bain’s instrument than by the ordinary 
Morse instrument, because there are no levers to be set in motion ; but a powerful 
current of electricity is necessary to overcome the resistance of the damp paper and to 
effiect the decomposition of the salt ; hence local batteries are generally necessary, 
having from 12 to 18 cells arranged for tension. Bain’s modification of the Morse 
instrument has been extensively used in England; but it has been found to be 
more troublesome and expensive than the ordinary Morse, and is being gradually 
given up. In Bain’s original telegraph the transmission was effiected automatically. 
Holes to represent the dots and dashes were punched by hand in a strip of paper, which 
was passed over a metal roller, and a brass wire pressing on the paper came into con- 
tact with the roller for a longer or shorter time as the punched holes representing 
dots or dashes passed underneath it. The wire was connected with a voltaic battery, 
and the ■wheel with the line wire, and thus at every contact a current was transmitted 
on the line. 

The receiving apparatus was the same as above described. This method of trans- 
mission has been tried with various modifications at different rimes ; but no automatic 
system has been fo-ond satisfactory. The frequent slight perturbations which occur in 
the system of conductors, sources of electricity, and instruments, can only he success- 
fully overcome by the manipulation of an intelligent telegraph clerk ; and no system 
of telegraphy which has been based on the purely mechanical transmission of a dispatch 
has been, found successful hitherto. 

The most valuable improvement on the Morse instrument is that patented in France 
by MM. Digney Frdres, and in England by Messrs. Siemens and Halske. 

The general arrangements of this instrument are the same as those shown in fig. 
41 ; but the signals, instead of being embossed on the paper by simple pressure, are 
printed in ordinary printer’s ink. 

The mechanism by means of which this is effected is shown in fig. 42, which repre- 
sents the recording part of the instrument, the remainder being identical with fig. 41, 
> 2 - is a small wheel about the size of a fourpenny piece, which revolves on its axis at 
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it touches the edge of % when either a cZoj5 or a dash is printed according to the 
duration of the current. It 'will he observed, that the amount of work to be done by 
the electro-magnet in this arrangement is very small ; it only has to lift an inch or 
two in length of the ribbon of paper through a distance of say g^jth of an inch. Ko 
mechanical pressure need be exerted, it is sufficient if the paper touches the ink on 
edge of the 'wheel ■«. Hence t^^ arriving by the line wire from a distant 

station has always sufficient force to work this’ apparatus, without the intervention of 
the relay and the loml battery, which can be entirely dispensed with. 

The ink printing instrument has been adopted in France, after the experience of 
two years ; but trade interests have hitherto limited its use to a few of the smaller 
telegraph companies in England. 

In Australia, the Morse instrument has been adopted for all the government lines 
of telegraph ; magnetic instruments are used in combination with relays and local 
batteries. The electro -motor is the same in form as the single needle instrument, 
86, except that the needle is suppressed, the current generated by the magnets 
being transmitted directly on the line j it works a relay on the same principle as the 
needle at the distant station, setting in action the local battery which records the 
signals by means of an instrument similar to fig. 41. 

The manipulation of this instrument is not so easy as that of the ordinary Morse ; 
greater mechanical force being required to move the lever j but in practice this is said 
to be no real impediment. The question of insulation has already been alluded to. 

, A and iuexpensi^^ system of working several Morse instruments in circuit is 
used the shoi'ter Bngliab lines. Only one battery is employed, and a 

r at all the stations,' 


an uniform rate by the action of the same clockwork 'which unwinds the ribbon of 
paper, t is an ink-roller, by means of which the edge of a is kept constantly supplied 
with ink. The pen lever, l, is made very light, and carries at its extremity a small 
projection, on which the paper is supported as it is wound off the reel. The height 
ofy) is so regulated by the adj'usting screw o, that the paper passes just below n 
without touching it. 

When a current of electricity circulates through the electro-magnet it attracts the 
armature, moves the lever l, and raises the ribbon of paper which rests on until 

'Pigr42,/' : 
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and to earth at the terminal station* The galvanometers are all deflected in the 
same direction. When any station wishes to communicate, the operator breaks the 
circuit, and all the galvanometers return to zero ; he then, by naaking and breaking 
contact by means of the ordinary key, can transmit a message which is recorded at 
each of the stations. A similar system is universally adopted in America, even on 
their longest lines. batteries are provided at intervals of from 200 to 300 

miles along the line, which are set in action by relay magnets, by the current arriving 
from a distant station. All the intermediate stations are provided only with relay 
magnets, local batteries, and transmitting keys. The current being continually sent 
on the line, any operator can break it by depressing his key, when all the relay 
magnets are affected along the whole line, the local batteries set in action, and a signal 
transmitted. This action, it will be observed, is the reverse of that usnally adopted in 
Europe, and it has undonhted advantages, requiring . fewer batteries ; and if the 
Daniel battery be used, the expenditure of zinc is nearly compensated for by the 
smaller quantity of copper reduced upon it. 

In America, the recording apparatus has been very generally dispensed with, and 
messages are received hj sound ; the relay being employed to work a soundm^ so 
arranged as to make a distinct rapping noise, which can be translated by an expert 
operator with perfect ease. One of these is shown in fig. 43. The armature 
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is attracted to the electro -magnet when the local battery is set in action, and strikes 
forcibly against p ; when the current ceases, the balance-spring brings the lever back 
to its state of rest, and a feebler sound is produced by the contact at p'. The intervals 
between the long sound and the slight tick of the return sound represent the ^Zo^o^ 
the dash, and tbe intervals between the occurrences of these two complementary 
sounds represent the spaces. • 

In Europe it is considered to , he of great impoi-tance that the messages sent should 
he directly recorded by the instrument, both as a check upon the operators, and as an 
additional security in tbe transmission of messages correctly, and the recording 
apparatus is still retained. 

The power of receiving messages correctly and quickly by sound, is said to be con- 
fined to a comparatively small number of persons, and that many who can receive 
well by eye, are not able to do so by ear ; but authentic statistics on this point are 
much required. 

When very distant points are connected by electric telegraph wires, a system of 
relays is employed, the line being worked in circuits of from 200 to 300 miles. The 
current, starting from a, travels to B, sets in action another voltaic battery there by 
means of a relay, and passes to the earth. A fresh current is thus established at b, 
which travels to c, and there loses itself in the earth after setting in action another 
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two commutators in connection with the line wire, v v', entering the station on either 
side. Each commutator has three wires leading from it. When the handles are 
placed at & the current passes directly from v to V without passing through the 
intermediate station. If the handles are placed at a a', each instrument at the inter- 
mediate station can communicate with the line on its own side only, hut should it he 
req.uired to communicate between the terminal stations throngh all the intermediate 
stations^ the commutators are placed at d d\ la this position we will trace a current 
coming from v. Its course (indicated by the feathered arrows) is from d to M, whence 
it passes through the metallic frame of the left hand recording instrument to the pen 
lever n, which, being in its normal state in contact with the upper screw of the pillar 
0 (fig. 41), allows the current to pass to i, thence to c, the manipulator of the right 
hand instrument, and so through L to e', the relay magnet, setting in action the local 
battery s, which prints the signal, while the current which we have traced passes to 
earth by T. But in printing the signal in this right hand instrument, the lever 
essed, and a contact is made at a between its main batteiy and the line 
the Current passing from n to p through the contact at a, through n, the 
of the right hand recording instrument b, to m, and so to d^ and v'. 
two instruments are thus arranged, the currents which arrive from a distant 
after setting in action fresh currents generated in main bat- 
in the station. One of the instruments acts merely as a conductor, and 
instrument and a relay. When intermediate stations 
as to require two instruments, a double relay 
These are arranged in such a manner 


voltaic battery, and so on. The distance to which telegraph communication can be 
carried in this manner appears to be without limit. When Morse instruments are used - 
(as is almost invariably the case) upon such long lines, two instruments are generally 
placed at each intermediate station, so arranged that each station may communicate 
independently with its neighhours on both sides at the same time, or that the whole 
of the stations, or any number of them, may be placed in connection for through cor- 
respondence. The connections with a double Morse instrument at an intermediate 
station on a long Ime are rather intricate j they are represented in fig. 44. k sf are 
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tliai a current arriving from either side completes the circuit of the local battery, and 
works the register ; while, by means of a commutator, the cleric at the station can send 
a message in either direction, or allow the current to pass on to the next station. 

In the ordinary relay magnet the armature is drawn away from the electro-magnet 
by a small spiral spring, whose tension must be constantly re-adjusted according to 
the variations in the power of the current, the various ^sturbing influences acting 
upon the line wire, and the amount of residual magnetism left in the core of the 
electro-magnet on the cessation of the current, and which tends to retain the armature. 
Moreover^ the of this spring always acts against the attraction of the electro* 
magnet, and requires a certain electrical force to overcome it. 

These disadvantages have been overcome by using reverse currents, instead of a suc- 
cession of currents in one direction only. Many different iielays have been constructed 
on this principle, but two only will be described. They all depend upon the employ- 
ment of permanent magnets, instead of, or in combination with, soft iron armatures, 
so as to bring into play the attraction and repulsion of opposite or similar magnetic 
poles. 

Varley’s relay, as used by the Blectiic and International Telegraph Company, con- 
sists of an electro-magnet, the core of which is moveable, inside its helix the latter 
being fixed. The core is delicately mounted on pivots, and its extremities play between 
the poles of fixed permanent magnets of a horse-shoe form. The negative current 
magnetising the core in one direction causes it to be attracted to one side of the per- 
manent magnets, and thus performs the part of the spring in the ordinary relay, 
opening the local circuits. The reverse current, reversing its magnetic poles, causes 
it to be attracted in the opposite direction, and closes the local circuit. 

This system is particularly advantageous in working through submarine cables, the 
reverse currents assisting materially in overcoming the retarding influence of induction. 
The transmitting key is arranged by Mr. Varley so that a momentary contact with the 
earth, or with a weak battery, is made after breaking the contact between the line 
wire of one pole of the battery, and before making the contact with the other pole, 
thus allowing the charge of the wire to escape to earth, or be neutralised. This 
momentary contact with the earth is not used by other telegraph engineers. 

Mr. Siemens has a very delicate and ingenious relay, which is specially adapted for 
induced currents of electrioity. 

Siemens’ relay (fig, 45) : A is a strongly magnetised bar, bent at right angles, and 
carrying a horse-shoe electro-magnet on its south pole. Both of the soft iron connec- 
tions, E bV therefore communicated to them 
south polarity. / is a light bar of soft iron, move- 
able on a vertical axis, c, fixed in the north pole of 
the magnet, and terminated by a light arm of platina, 
d ; / is consequently north polarity, and is attracted 
by both E and e'. / is in metallic connection with 
one end of the coil wire of the relay magnet, and 
its platina arm, is confined between two adjust- 
ing screw points, the one being insulated, the other 
in connection with the local battery. When a cur- 
rent of electricity traverses the coils of the electro- 
magnet, it tends to increase the south polarity of 
E, while it diminishes the soutk polarity of e', or 

reverses it according to the strength of the current, /is no longer in equilibrio, and 
moves to the side on which it is most strongly attracted, butts against the screw point 
connected with the local battery, and puts it in action. This relay is designed to be 


Fig. 45. 
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worked by mduced electricity, tlie reverse current reversing tbe poles of tbe electro- 
magnet, and bringing d back into its original position. If voltaic electricity be used 
without reversals, the screw points are so adjusted that / is always nearer to e' than 
to E. A positive current circulating through the electro-magnet destroys the equili- 
brium, and draws /towards b. On the cessation of the current, / being nearer to 
E^ than to E, and their attActions being now equal, it is drawn back to its position of 
repose.;' 

In this relay the use of the adjusting spring is avoided, but the full value of the 
suppression of this adjustment is only obtained when reversed currents are employed. 
When the signals are made by simply making and breaking contact with the battery, 
an opposing force is evidently necessary to bring the lever arm of the relay back into 
its original position, and this force must be adjusted to balance the force of magnetism 
produced by the current coming from the distant station and circulated through the 
electro-magnet of the receptor, which is very variable, depending upon the state of 
the weather and the perfection of the battery, &c., and necessitating frequent delicate 
adj ustments ; but when reversed currents are used, the action of one current balancing 
that of the other, no adjustments are necessary. 

The most perfect printing telegraph which has been invented is that of Professor 
Hughes, which prints the message in Roman characters on a band of paper. The 
following brief description is taken from the report of Mr. Latimer Clark ; for fuller 
details, Prescott’s ‘ History of the Electric Telegraph.’ 

The instrument contains a type-wheel upon which are engraved the letters of the 
alphabet, and which is kept constantly revolving at an uniform rate by means of 
clockwork and an escapement controlled by a stiff spring wAich vibrates SOOO times in 
a second. The efficiency of the telegraph depends upon the synchronous motion of the 
type-wheels at the distant stations, and Professor Hughes has found the spring to be 
the most reliable governor. On a shaft in connection with the type -wheel an arm is 
carried, which sweeps round on a horizontal table performing the same number of 
revolutions as the type-wheel itself. The table has twenty-eight small moveable pins 
on its circumference, corresponding with the letters on the type-wheel and in connection 
with keys like those of a piano. When a key is depressed, its corresponding pin is 
raised, and the arm of the type-wheel in the course of its rotation comes in contact 
with it, and by a peculiar arrangement transmits an electric current along the Hue. 
The receiving part of the instrument is provided with an electro-magnet, which, as 
soon as it is acted upon by the current, disengages an apparatus connected with a 
band of paper, which it raises momentarily into contact with the type- wheel, and, the 
letter which happens to be opposite to it at the time is impressed. The paper is not 
only raised into contact with the type-wheel, but is for the moment borne forward at 
the same velocity as the wheel, and the impression, therefore, is very perfect. It 
will be evident that if the type-wheels of two instruments are adjusted so as to 
revolve at the same speed, the same letters will always be passing the corresponding 
points on the two tables carrying the moveable pins at the same moment, and an 
instantaneous current of electricity acting on both magnets at once will print the same 
letter on both instruments, A peculiar and original fonn of electro-magnet is 
employed in this instrument. The two poles of a permanent horse-shoe magnet are 
prolonged by cylinders of soft iron surrounded by coils of wire, and provided with an 
armature of the usual kind. The armature which lies in contact with the soft 
iron poles of the magnet is held fast by the attraction of the permanent magnet ; but 
thi^ counteracted by an opposing spring, which is so adjusted as almost to 

ov€£rcdiAe' the magnet. In this state of things a very feeble and 

momentait^ iff alee^iticity circuM in. the cojLls of the electro-magnet, and 



VOLTAIC ELECTRICITY, 


681 




producing opposite polarities to those permanently given to the'soft iron core by contact 
with the permanent magnet, so weakens their attractive power that the armature 
obeying the force of the spring flies away, and in so doing prints a letter ; the next instant 
it is again mechanically forced into contact with the electro-magnet, and is ready to be 
released again by a succeeding current. The action of this electro-magnet is very much 
more rapid and certain than that of any other form yet invented, and the instrument 
appears peculiarly adapted to telegraphing through long cables, in which the retarda- 
I tion of the current due to induction is so formidable an enemy to rapid signalling. 

I Mr. Latimer Clark says : By the ordinary Morse system of printing, each letter 

I is composed of three or four distinct lines or dots, requiring as many complete 

• electrical waves or reversals, with a sufficient duratiou 6f time on some of them to 

I distinguish between dots and dashes, and between the spaces which divide portions of 

I letters and those which separate whole letters or words. By Pi’ofessor Hughes’ 

sj’^stem each complete letter is formed by a single wave, or even by a balf wave or 
I reversal, and the spaces are formed by the mecbanical action of the machine and occupy 

no appreciable time. The instrument has been seen to work with ease and accuracy at 
the rate of sixteen words per minute through a cable which would only admit of six 
words per minute being sent by the ordinary apparatus ; and through the same 
cable it has been seen to work whole days without printing a single false letter,” 
Oojpying Tdegra'plis.---^^ Bakewell was the first who accomplished the feat of 
constructing an electric telegraph which should reproduce at a distant station a 
fac- simile of a message written at the sending station. The principle of his telegraxdi 
was as follows : The message was written on a sheet of metal in some non-conducting 
ink, such as red sealing-wax varnish. The metal sheet was then put in connection 
with the line wii’e and moved in a circular or spiral manner beneath a metal style 
which was connected with the positive pole of a voltaic battery, the negative pole 
being put in communication with the earth. At the receiving station a sheet of 
chemically prepared paper placed on another metal sheet was moved in a similar 
manner under an iron style ,* the style being in connection with the line wire and the 
metal plate with the earth. From this description it will readily he understood that, 
as long as the style at the sending station was in contact with the metal sheet, 
a current of electricity would traverse the circuit, decomposing the salt in the paper 
and producing a line ; but when tbe style at the sending station was passing over the 
varnish no current would circulate, and no mark would he made at the receiving 
station. A number of parallel lines thus traced on the paper with spaces corresponding 
to the varnish on tbe plate at the sending station, would reproduce in white on a 
ground of blue lines whatever might have been traced on the metal plate. 

This system, although beautiful and ingenious, bas not been found a commercial 
success, and has fallen into disuse ; but it has been resuscitated with some modifica- 
tions by the Abb4 Casselli within the last year. He uses a relay and a local battery 
so arranged that when a current is circulated from the distant station the local battery 
is thrown out of circuit, and when the current ceases thelocal circuit is completed and 
the style marks the paper ; the writing is thus reproduced in blue on a white ground. 

; The electric telegraph instruments which have been most generally used have now 

i been described, and it would be out of place to go into further detail of tbe various 

instruments which have been invented ; the works of Shaffner, Prescott, Gayarret, 

' Gloesner, and Blavier, with numerous others, may be consulted by those who are 

desirous of further information on the subject. 

; For some years a solution was sought for the problem of communicating simulta- 

■( neously in both directions by the same wire. This has been accomplished lately in 

] a very ingenious manner by Hr, Siemens and others, by means of divided currents 
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and carefully adjusted remstances ; a description of the exact manner in which it has 
been effected will be found in the French works above alluded to, but the system has 
not been found to work well in practice, because any error committed cannot be 
rectified until the whole message is completed, and the adjustments are too delicate to 
be preserved permanently. The former objection also applies to another system 
which has been proposed, namely, that of branch circuits instead of a continuous 
circuit. In this system station A is connected directly with s, and branch wires lead 
off from AB, at different distances from a, to o, n, e, terminating at each stalion in 
the earth ; resistances are interposed at o, n, e, bo as to equalise the divided currents, 
and a dispatch can be forwarded to all the stations from any one of them ; but the 
arrangement requires careful adjustments, and is inconvenient for communications 
"between intermediate stations, 

Yarious auxiliary instruments are required in systems of electric telegrapli, suoTi as 
galvanometers, commutators, alarums, and lightning protectors. The two first have 

already been noticed ; it remains to describe the others. 

-These are very useful in particular cases, hut are not generally 
employed on the English telegraph lines, because it has been found that the employes 
become more careless when alarums are used than when the slight ticking of the 
needle or the electro-magnet is the only sound emitted by the instrument. Alarums 
add also to the expense of the apparatus ; they require more powerful currents of 
electricity to work them than are necessary for working needle instruments, and they 
are more liable to get out of order. 

They may he classed as alarums with clock-work, and alarums which are worked 
by the direct action of the electric current. 

In the alarums with clockwork, the function of the current of electricity is merely 
to produce temporary magnetism in the soft iron core of an electro-magnet, causing it 
to attract its armature, which is made in the form of a lever lightly pivoted and 
having a small hook at the extremity of the lever arm. This hook catches a pro- 
jecting point on a wheel of the clock-work, and is held in that position by a light 
spring when the apparatus is at rest ; when a current passes the armature is attracted, 
and the catch being drawn away from the wheel the clock-work moves under the 
influence of its main spring, and a bell is rung, either by the vibrations of an arm 
connected with an escapement, or by the rotatory motion of two arms attached to a 
wheel, and having hammers hinged to their extremities which fly out by centrifugal 
force and strike the hell, as in Professor Wheatstone’s arrangement. It will he 
evident that an alarum so constructed may he as loud as we wish. The hammer 
which strikes the hell being moved by mechanical power, but, on the other hand, the 
catch which retains the wheel and keeps it from moving, must he carefully adjusted ; if 
it have too light a hold a slight shake will ring the alarm, and if it is too stiff the 
electric current will fail to produce the required effect. 

Pig. 46 shows au alarum worked by the direct action of the voltaic current. The 
armature l of the electro-magnet is a hollow cylinder fixed on a steel spring n, and 
furnished with a hammer m, which strikes the bell t. A spring r communicating 
with the earth by the binding screw b touches l when it is in a state of rest. 

A current from the line wire passes from A to b, traverses the coils of the electro- 
magnet, the spring n, the armature l, the spring r, and so to the earth ; but during its 
j^ssage, L is attiacted to the electro- magnet, the contact with r is broken, and the 
current ceases ; l then falls back into contact with r, and the operation is repeated. 
In fehift tn^ner a succession of blows are strnck on the bell by the hammer M. 

1 In order tWt tids alarum may work with sufficient force an electric current of cou- 
^derable quantity l» required, and on long lines a relay magnet is employed in con- 
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necfcloii witli it. The arrangement of the relay is shown in hg. 47, which needs but 
little explanation. The current arriving from, the distant station passes from n through 
the coils of the electro-magnet, and so to the earth at T, the armature p is attracted, 

. Pig. 46, : 


and the contact is made which puts in action the local battery ; hut at the same 
instant the button i is released and starts up under the influence of the spiral spring, 
r, and thus leaves a permanent record of the bell having been rung* This system is 
used when many wires from distant stations arrive at the same office ; each wire has 
its relay, and there is but one akrum-bell ; the relays are all arranged in a box having 
holes in the lid, corresponding with the buttons; these start up into view, when a 
current circulates through the electro-magnet coils, and designate the particular stations 
which wish to communicate. 

Lightning When thunderstorms occur in the vicinity of systems of 

telegraph wires suspended in the air, powerful currents of electricity frequently 
traverse the wires, and entering the stations make great havoek, if precautions are not 
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the two hrass plates are about 2i inches diameter and inch thick ; they 
insulated from, one another by strips of dry or thin sheet gutta-percha. 
The upper plate is in connection with the line wire and the instrument by means of 
the two terminals, a, &. The lower plate with the earth. Lightning entering the station 
by the line wire leaps to the lower plate and passes to the earth, and the instruments 
are in safety. Fig. 49 shows another form of the same class of protector intended for 
ti.-n i6if.a-+.iAn anrl wTuaTi nA+.a alsn as a commutator. By means of the 

or Xoth,"; sideS' of.'.'tbe. 


taken to preserve the instruments from injury. The effects produced upon the 
instruments, in such cases, are various, according to the quantity of electricity conveyed 
by the wires and its degree of tension ; but generally the fine wire in the galvanometers 
and electro-magnets is fused, the magnetic needles are demagnetised or have their 
poles reversed, and permanent magnetism is produced in the soft iron cores of the 
electro-magnets. More violent effects are produced in some cases. When under- 
ground wires or submarine cables have been connected with air wires, faults have 
frequently been produced by the passage of atmospheric electricity into the insulated 
conductor, which it has traversed until it arrived at some place where the insulating 
material was thin or defective. At this point the inductive force has become so great 
as to burst through the dielectric and destroy the insulation of the conductor. It is 
necessary, therefore, to adopt some means of protection in these cases, and happily 
the very high tension of atmospheric electricity enables us to apply an effective guard 
against its destructive effects, 

(1). If a Leyden phial he discharged by means of a long and tbin conducting 
wire, and if near the two ends of the wire are attached metal plates of considerable 
surface and in close proximity to each other, it is found that at the moment of 
connecting the ends of the wire with tbe outer and inner surfaces of the jar a 
spark passes between the two plates and a very minute portion of the electric 
charge circulates through the wire. (2) If the surfaces of the plates be covered 
with points they may be placed at a greater distance apari, and the same effect 
will be produced. (3) If the discharging wire be thicker and shorter than in tbe 
case, and if near one of its extremities a very thin piece of wire of a metal 
which is a comparatively bad conductor of electricity be introduced so as to form a 
part of tbe circuit, this very thin wire will be fused by the electricity (if it be 
accumulated in sufficient quantity), while the thicker wire will remain uninjured. 
One of these three facts, or a combination of two or of the whole of them, forms the basis 
of all efficient lightning protectors, and the first is that which has been found most 
advantageous. Fig, 48 shows a lightning protector on this principle, much used in 

, ■ , , Fig. 49.'' . . 


Fig. 48. 
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station can "be pnt in connection with, tlie earth, or a throngh passage can he opened 
to the current without its influencing the instrument at the station by placing the ping 
at 3. This will he evident from the figure, the plate L Q V being in connection with 
the line wire entering one side of the station and one terminal of 
the instrument, and v being connected with the other side of 
the instrument and the other line wire, pbp is insulated from 
these plates by a strip of paper, and is in connection with the earth ; 
u is also connected with the earth. 

Pig. 50 shows a form of lightning guard in which the 2nd 
and 3rd of the facts alluded to are made use of. It is the 
invention of Mr, Walker, the superintendent of the telegraphs of 
the South-Eastern Railway Oompany, and has been successfully 
used on their lines for some years. The line wire is attached at c, 
the instrument at i?, and there is a complete metallic connection 
between these points hy the screw e and the very fine wire wound 
on g. A is a cylinder of brass, insulated from the line wire by 
box-wood, and in communication with the earth at e. The metal 
points at /, a;, g allow the atmospheric electricity to escape toHhe outer cylinde .', rnd 
so to the earth; while the vei’y fi.ne wire on g must he fused before the coarser 
wire in the instrument coils can suffer. 

AI>PENDIX. 

Electro- Magnets . — The laws which govern the forces of electro-magnets have been 
investigated by Messrs. Lena and Jacobi, and also by Mr. Miiller 

If M denotes the magnetic force of the electro-magnet, 
w the number of convolutions of wire. 

the diameter of the soft iron core. 

Q the quantity of electricity in circulation, 
and c a constant multiplier. 

M = cn Q 

This law only holds good for bars of iron, whose length is considerably greater than 
their diameter, for feehle currents of electricity, and under the supposition that the 
number of convolutions of wire is not so great as materially to diminish the influence 
exercised by the outer coils upon the bar of iron. These conditions are fulfilled in 
the electro-magnets usually employed for telegraphic purposes. 

It will be noticed in the above formula that m increases directly as Q and as n ; but 
q decreases as n increases, supposing the electro-motive force to remain constant. 
Hence it is evident that a certain proportion between the resistance of the wire and 
that of the remaining portions of the circuit must be preserved to obtain the maximum 
magnetic force. 

This relation has been found to he the following, viz. ‘‘When the resistance of 
the coils of the electro -magnet is equal to the resistance of the rest of the circuit, i.e.y 
the conducting wire and the battery, the magnetic force is a maximum.” 

The mathematical investigation of these laws may be found in Gavarret’s 
‘ T616graphie Electriqne.’ 

In practice it is usual to give the coils of the electro-magnets influenced hy the 
currents of the main lines a resistance of about 120 miles, using Ho. 86 copper-wire ; 
for the electro-magnets set in action by local batteries a thicker wire is used, giving 
a resistance of from 2 to 4 miles ; but the thickness of the wire and the number of 
convolutions should be made in special cases according to tbe above laws. 

It is very important that the best wrought-iron should he used in the cores of 
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electro-magnets, otherwise a considerable amoimt of magnetic force remains after the 
current ceases. This residual magnetism can seldom he entirely destroyed, hut the 
more pure and perfectly deearhonised the iron the less is it perceptible. To guard 
against this evil, it is necessary that the armatures of electro -magnets should he very 
carefuily adjusted so as not to touch the poles of the soft iron cores, and this more 
especially when the armatures are of magnetised steel, as is often the case. A thin 
piece of paper is sometimes inserted between the poles of the electro-magnet and its 
armature, or insulated stops are fixed in the face of the magnet to prevent contact. 

The Sine':Q(dvamm€teT i^^^m the measurement of weak currents of electricity. 
A convenient form, used in connection with telegraphs in France, is shown in fig. 51, 
taken from Navarret’s treatise on the Electric Telegraph. 

Fig. 51. ■ ■ ■ 


The magnetised needle is balanced horizontally on a steel point, and is placed in 
the centre of a coil of insulated wire. The coil is fixed to a horizontal disc, which has 
a movement of rotation on an axis inside a graduated circle, an index % fixed to the 
disc shows the number of degrees it has moved with reference to the outer circle. 

The ends of the coils are soldered to two binding screws p p on the outer frame, 
sufficient slack being left to allow of free motion of the disc and coils by means of a 
handle o. To use fche instrument it is ifiaced so that when the index is at zero, the 
magnetised needle is exactly parallel with the coil and in the magnetic meridian, the 
parallelism of the needle and coil is ascertained by the correspondence of a light index 
hand a fastened to the needle, and at right angles to it, with a line / ; two Btud.s 
placed on either side of / confine the oscillations of the needle within narrow limits. 

The current whose force is to he estimated is circulated through the coils by means 
of the binding screws. The needle is immediately deflected, and the index abuts 
against one of the two studs at /. 

The coil is now moved round to follow the needle, and this motion is continued 
until the two forces of terrestrial magnetism and the voltaic cui'rent exactly balance 
one another while the needle is parallel to the coil, and the directive force of the 
voltaic current is therefore acting at right angles to it. In this position the forces 
which hold the needle in equilibrium are represented in the subjoined diagram. 

AP is the needle. 

^ X, its centre of motion. 

■■p itS' x. pole.' 

= p p, the force of terrestrial magnetism ( = m) , 
0 ?= p M, the force of the voltaic curr6nt(= q). 


seen that sin a, 
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electricity wiiicli is not so powerful as to deflect the needle fully to 90° ; M being 
constant and a being known, we have the means of comparing the forces of different 
currents when circulated through the coil of this galvanometer. Thus— ' 

sin a 
sin o! '■ 

Q : o' : : sin a : sin 

For the measurement of more powerful currents, an arrangement called the 
Gahmometer is used. The principle of this instrument is, that if a very short 
magnetised needle he acted upon by a current circulated through a broad band of 
metal at some distance from it, it may he considered to be fully under the influence 
of the current at whatever angle it may he 
placed. The relation between the force of the 
cun*ent and the angle of deflection may be 
seen in the diagram, in which the letters are 
the same as before, but the force of the voltaic 
current acts at right angles to the magnetic 
meridian instead nf at right angles to the needle. 

0 Mssforce of terrestrial magEetism(s=M). 

0 p = force of voltaic cUrrent( = q). 
by inspection M p = 0 M tang a 
orQ=]iitanga 

The instrument is placed so that the hoop is 
the current to be circulated through the hoop or band of metal. 

The ordinary form of this instrument is shewn in fig. 5L A better form is shewn 
in fig. 55. 

Fig.64. Fig.65, 


Fig. 63. 



exactly in the magnetic meridian, and 



M. Gangain having discovered that when the needle is placed at the apex of an 
imaginaiy right cone, of which the circular conductor forms the base, and of which the 
perpendicular equals half the base, the voltaic forces are correctly proportional to the 
tangents of the angles of deflection. 

Errors of construction are eliminated, and the force increased by placing a second 
circle symmetrically on tbe opposite side of the needle. And for the measurement of 
feeble currents a truncated cone of metal or wood, wound with fine insulated wire, may 
be advantageously substituted for the simple hoop of metal. 

MiUer^s Electrometer. (From description in Report of Mr. Latimer Clark.) — 
“This instrument is the invention of Dr. Thomas Milner, of Maidstone, and was in 
all its essential parts described and figured by him in 1783, in a very talented little 
work, entitled, ‘ Experiments and Observations in Electricity,’ by Thomas Milner, and 
published in London at that date. It is essentially the same in principle as Peltier’s 
Electrometer, and may possibly be the parent of this latter very elegant instrument, 
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wliicli was first exhibited in England by Professor Wheatstone, in 1834. Figure 56 
shows Milner’s Electrometer, as now constructed, and will enable the reader 
to understand the instrument at a glance, A brass stem rises from the centre 
of the wooden base, and is insulated from it by being screwed into a fragment of 
vulcanite, and surrounded by shellac poured in in a melted state. The insulated 
stem carries two brass arms, terminating in small knobs, and a little higher up it 
opens out into a loop or ring, through which passes an extremely light aluminium or 
other metal needle, supported by a light cap, which rests on a fine steel point ; a 
short bar of magnetised steel is also attached to the needle, and tends to bring it to 
Eig. 66. with respect to 

the magnetic meridian. At some distance 
beneath the needle is a graduated circle, 
which is not insulated, and also a circular 
plate of looking-glass (marked a a in the 
figure) surrounding the stem. In reading 
the defieetions, the eye is placed in such a 
position, that the needle covers its own image 
in the looking-glass, so as to avoid parallax. 
A glass shade covers the whole and is per- 
forated at the top to allow the insulated 
stem to pass through without touching it. 

“ When in use, the needle is allowed to 
come to rest, and the instniment is so 
adjusted, that the two brass arms lie 
parallel to it, and nearly touching it, the 
two halves of the needle being so bent out 
in a vertical plane, as to allow tins. The 
upright stem is then charged by contact 
with the pole of a battery, or any other 
source of electricity, and immediately the 
repulsive action causes the needle to diverge 
to an angle dependent on the strength of 
the charge, or degree of tension. It is a 
matter of indifierenoe whether the stem be electrified, and the base connected to earth, 
or vice versA, the defieotion is in eithei’ case the same. When delicately made, 10 or 
20 cells will readily cause a sensible deflection, and by the use of the condenser even 
one cell will do so, and so it is, in fact, as sensitive as the gold leaf electrometer. In 
practice it is better to use from 100 to 400 cells. In the experiments made by me, 
the deflection caused by 250 cells was noted ; the cable under examination was then 
connected with the insulated stem, and charged with 500 cells, and the time was 
which elapsed while the instrument was falling to the point indicated by 
250 cells, that is, to half its initial tension ; in well conducted experiments, the 
result is remarkably uniform.* 

“ The time occupied by a charged cable in falling to half its original tension is 
theoretically constant, whatever be the number of cells employed, for although the 
electricity escapes faster with the higher tension, the quantity which has to escape is 
greater, and that in the same proportion j a well-made submarine cable in the pre- 
sent day will retain half its original tension at the end of 30 or 40 seconds. 

“This system has several important advantages, it is quite independent of the 

* TMs methCA; was used heeat^ aro not correctly proportional to the deflections 
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lengtli of cable Tinder tml, and gives tbe same result with 100 miles of wire» as witii 
100 incbes. It is also free from all errors arising from instrumental variation, tbe 
deflection due to the whole tension and the half tension being recorded afresh each 
day by actual trial. It is a very portable instrument, and requires no standard of 
comparison ; all instruments, by -wliomsoever constructed, give directly comparable 
results. Lastly, it is capable of measuring with facility a minute escape of electricity 
in very perfect non-conductors, which would be quite inappreciable to the galvano- 
meter. In very delicate experiments, it is necessary to dry the interior of the instru- 
ment by warmth, and by the use of small cups of chloride of calcium.” 

Wheatstones Parallelogram (or Bridge^). 


Fig. 67. 



This beautiful instrument, the invention of Professor Wheatstone, affords a ready 
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means of determining with, the greatest accuracy the electrical resistance of any 
particular conductor, as compared with a given standard, and is most useful in the 
practical operations of electric telegraphy. 

Its construction will he understood from fig. 57. N A E o is a mahogany board 2 feet 
Ions X 10'' wide, fitted with levelling screws at its four corners, and a binding screw 
in the centre of each side ; these binding screws are connected by a thick copper wire, 
w w w, let into a groove in the surface of the board, and forming a parallelogram n a 
p 0. At points exactly equidistant from the angle n, the wires n o, n a are severed, 
and the ends are connected with binding screws, s s, s' s'. Similarly the wires pa, po 
are severed and the ends connected with binding screws, r r, r' In the centre of 
the board is a galvanometer, having a compound needle suspended by a fibre of 
raw silk in the centre of a coil of moderately thick wire. This coil is attached to 
a disc, A, moveable on a vertical axis, and a graduated card is fixed on top of ibe coils 
on which the deflection of the needle may be observed ; a piece of talc is cemented to 
the card at 90°, to check the violent oscillations of the needle. 

The ends of the coil are connected with the terminals c and a by wires, sufliciently 
long to allow of the graduated disc and coils being moved round by the handle, 7i, so 
as to bring the zero point to correspond with the needle when it is in the plane of the 
magnetic meridian, A single cell of a Sniee or Daniel battery is generally sufficient to 
work the instrument : it is shown at z, one pole being in connection with n, the other, 
through the intervention of a contact maker, with p. 

To understand the action of the instrument, let us suppose the wire, w, to be unbroken 
at r' y, s' s'; when contact is made at h, a current passes from z to is where it bifur- 
cates, and as the two wires u a p and nop offer equal resistances, one half of the 
current passes through each channel, the currents reunite at P, and pass to z, com- 
pleting the circuit. 

Neglecting the resistance of the external connections between z and n, and z p, which 
do not influence the result : if the electrical tension at n he represented by 10, at p it 
will be 0, and at a and o it will be 5, hence there will be no current between o and A, 
and the galvanometer will he unaffected. If now a resistance of 1 mile be introdiiced 
at s and an equivalent resistance at s', the current will bifurcate equally as before, but 
the tension at n, s', and 5, will be much increased, and that at o and a will he 
diminished proportionately; but being still equal on both sides no current will pass 
from 0 to A, and the needle of the galvanometer will remain at rest. 

If, however, the resistance introduced at s s be either less or greater than the 
resistance interposed between s', s', the current will no longer divide itself equally at 
N ; the distribution of the tensions in N A p and NO p will no longer be similar, the 
tension at o will he different from the tension at A, and an electric current will he 
established between o and A, causing a deflection of the needle of the galvanometer, 
and the direction of the deflection will denote on which side the resistance is greatest. 

The general law of this instrument may be thus stated 

The conductors nap and n o p being united at n and p, the relation between the 
electric tensions at n and p must always he the same for both conductors, however 
the resistances of the conductors and the tensions may he varied. Hence the electric 
tensions at a and o willhe equal as long as the following proportional resistances are 
maintained, n a : A P : no: op (vide p, 639), and as long as the electrical tensions 
at c and a are identical no current will pass between them through the galvanometer. 

It will now be clear that, having introduced into the circuit on one side of the paral- 
lelogram a conductor having an unknown resistance, we can determine its resistance by 
introducing known, resistances into the circuit on the other side until the galvanometer 
being no long^ affected, we know that the current is equally divided, and that the 
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resistances on botli sides are eqnal. Tlie mode of varying the resistances is hy means 
qI resistance coils mdi fheoMs. The former are used for considerable resistances, 
the latter for those of smaller value. Eesistance coils are simply coils of fine copper 
wire insulated with cotton and wound on bobbins, and of such length as to offer to the 
electric current resistances equal to so many miles of a standard conductor ; they are, 
of course, prepared with the aid of the “ Parallelogram.” The bobbins are arranged 
so that they can be introduced singly or in combination into the electric circuit. 

A convenient form is that shown in fig. 67 at e. The coils are inside the box and 
their ends are soldered to the brass plates p p, which are insulated from each other. 
The small brass pins 5 5, when placed in the holes between the plates, form connec- 
tions between them, // are two binding screws for introducing the apparatus into the 
circuit. When all the pins are in their sockets the current passes from / to / through 
the brass plates p p, and the pins 5 &, the resistances of which are insignificant. If 
one pin 6 ^ be withdrawn the current is compelled to traverse the coil beneath it in 
passing from 5/to 63 , and in this way any coil, or any combination of the coils, may be 
introduced into the circuit. 

The Rheostat is au invention of Professor Wheatstone. The original form is shown 
in fig. 58, and a modified form in fig. 59, in the former a copper wire of about twenty 

Fig. 68.',',, 




gauge is wound 011 an insulating cylinder i. A brass cylinder o is placed parallel 
to the former, and close to it, and the wire can be wound off one cylinder on to the 
other ; the ends of the wire communicate by means of springs with the binding 
screws b b. When wound on the insulating cylinder the current of electricity is com- 
pelled to pass through the whole length of the wire ; but when any portion of the 
wire is wound off I on to 0 , that portion of the wire is put in connection with the 
conducting metal of 0 and its resistance becomes practically mL 

The number of turns or parts of a turn on the insulating cylinder are read by means 
of a scale e and a graduated circle p'. 

This form of Rheostat is very perfect in its action, but it is troublesome to wind and 
unwind the wire, and if not carefully used the wire becomes loose on the cylinder, and 
one turn rides on another. A different form of Rheostat ha« been made by Mz% 
Becker, of Messrs. Elliot Brothers’ firm, in which the wire is wound permanently on 
an insulating cylinder, and any number of turns are introduced into the circuit by 
means of a grooved wheel w, fig, 59, moving on a graduated bar a a. When the 
cylinder is made to rotate the wheel is screwed along the bar, or the bar may be 
pressed back by hand and the wheel slipped along it to any point desired. This form 
svery convenient, but it has one defect, viz., that the contact between the wheel 
and the wire is sometimes imperfect, and unless this be attended to great errors may 
arise from this source. 

The contact maker is essential in observations with the parallelogram, as irrespec- 
tive of the inconvenience of working without it, the temperature of the wire is 
increased by tbe continued passage of a current of electricity, and a source of error is 
thus introduced, owing to the varying conductivity of metals at different temperatures. 
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To 'bring tbe needle of tbe galvanometer to rest a magnetised sewing needle may be 
employed, and witli a little practice it can be brought to rest so quickly that the 
delay which would otherwise result from its oscillations, each time that the current is 
made to pass, becomes quite insignificant. 

In testing the conductivity of the copper wire to be used for submarine cables, the 
parallelogram is now extensively used. The electrical resistances of the coils of 
galvanometers or electro-magnets are also readily obtained hy its aid. 

Messrs Siemens and Halske avail themselves of the parallelogram, in discovering the 
position of a fault in a submarine eahle during the process of manufacture. The ends 
of the cable are connected to the binding screws a o, the cable containing the fault 
of insulation being coiled in a tank of water, so that the fault forms an earth con- 
nection— one pole of the battery is attached to p and the other pole (through a contact 
key) to the earth. It is evident from this arrangement, that if the fault exist exactly 
at the centre of the cable the resistances on each side will he equal, and the galvano- 
meter will not be deflected ; but if it be nearer to one end— 

Let R represent the resistance of the whole cable 

x, 2/, the respective resistances of the shorter and longer parts from the ends 
to the point of leakage. 

r, the resistance which must be added to x to make the tensions at A and o 
equal. ’ 

w and %o* the resistances of the two sides of the parallelogram p a and p c, 
supposing them not to he equal, then we have — ^ 

. ■■■■ to : y : r+.a:; 


whence a: 

w’ -b m [ or, if = 'Wj'as is ) 2 

y = y usually the case ) y ii + r 

This same method will evidently be applicable for discovering the position of a 
fault in the insulation of a submerged cable containing several conductors, as long as 
the insulation of one of the conductors remains perfect. Should there he no well 
insulated conductor between the extreme points, other modes of testing for the 
position of a fault in a cable must be resorted to. Messrs. Siemens and Halske have 
generaUy used the three followm^^ 

I. Find = insulation from one end. 

~ from the opposite end. 

c ~ known resistance of cable when perfect. 

II. ,, « ~ continuity from one end. 

& = „ from the opposite end. 

■ .c as above. . . ■ 

III. ,, a. == insulation ) 

a = continuity | same end. 

0 = as above. 

From these three sets of data the resistances x and y from the ends A and B may he 
derived as follows ;— 


From I. X 
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From 11. ai — " 

1 + V 

i ' > 

■ ■ ■ ' a C'— 6 ■ 

'■ where u=’T '- — ~: 

0 c — ct 

From III. w = a — V («-,. -^) . (c — d). 

These three tests may he compared and mean values of x and y deduced from them. 

It is to be understood, that by the term insulatmi of a cable is meant its electrical 
resistance, when the far end is insulated ; and that by the term is meant 

its resistance, when the far end is connected with the earth. 

The above formrilm are based on the suppositions that the cable contains only one 
fault, that the earth’s contact is the same in both tests, and that it is not polarised, 
otherwise the equations will not give true results. 

For further information ou this subject, mde *’ The Report of the Gommittee on the 
Construction of Submarine Telegraph Cables.’ 

Blanh Form for Telegm^Mc Messages. 

PREFIX Code time — — -No. of words- — —Time received— — 

Time forwarded M. 

Signature of receiving Clerk- . 

The following message, forwarded from — -and received at — ——186 . 

From To 


I>. Q. 


Signature of person sending— 

Many of the illustrations in this paper have been copied from those in Cavarret’s 
‘T61igraphie Electrique,’ and some from Shaffner’s * Telegraph Manual,’ and both 
these works have been largely consulted in its compilation. 


WATER MEADOWS, OR lERIGATION.* 

Sbotioh I. 

This term is used in oux own country to express the only system of irrigation 
which the routine of the farmers has allowed to be applied upon a large scale. It 
is true that the comparatively equal distribution of the rain-fall over the whole of 
the year, in the latitudes of the British Islands, renders the application of artihcial 

♦ By G. R. Burnell, C.B. 
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irrigation less necessary in them than it is in drier and warmer climates. But 
the climatological conditions of our wide-spread Colonies diifer so vastly, that it is 
highly probable that Officers of the Corps of the Royal Engineers may be called upon 
to advise upon, if not to execute, works of this description in our more remote depen- 
dencies. In the following notice, therefore, the practice of other nations will be 
described even more in detail than that of our own, with a view of laying before the 
profession the results arrived at by the widest and most varied experience, and of 
furnishing a guide in the greatest possible number of cases. 

The subject is, however, so vast, and our space so limited, that evidently many 
of its important parts must be omitted, or treated in a somewhat cursory manner. 
Indeed, as the application of water to agriculture involves the examination of the 
principles of structural botany, and as the means of distributing it trench upon the 
pjrinciples of hydrodynamics, it must be evident that it would be impossible to treat 
of them all within the limits of this article : it is proposed, therefore, to render it as 
succinct as possible by referring to the best authorities for au account of such 
principles as we may be compelled to notice without elaborate investigation. 

HISTORIOAIi SKETCH. 

Like all the other arts and sciences, irrigation appears to have been derived 
originally from the Bast ; for it is recorded to have been employed by the inhabitants 
of those regions from the earliest periods. In China, Assyria, and Egypt this mode 
of increasing the fertility of the land seems to have been coeval with the establish- 
ment of definite forms of society ; or at least the earliest records we possess of those 
nations mention the attention paid by the respective communities to irrigation. Of 
course, little faith is to he placed in the history of the Chinese ; but inasmuch as 
their traditions assert that considerable works were executed for this purpose about 
2240 years b. o,, it is to be assumed that the art of applying water to cultivated lands 
by artificial means is in that country of very great antiquity. Moreover, as rice is 
one of the the staple products of China, and as it cannot be produced, except under 
very peculiar circumstances, without irrigation, it is reasonable to suppose that the 
latter process must have occupied the attention of this singular nation at a very 
early period of its history. The extreme subdivision of property in China has how- 
ever modified the application of the science of irrigation there ; because, as the fields 
are small, and manual labour perhaps at its lowest rate, the prevailing character of 
this class of works may he described by stating that tbe waters are usually raised by 
raachmes moved *by hand, or occasionally by the labour of ammals. These machines 
appear to be very simple, or, rather, imperfect. It does not appear that the Chinese 
are much in the habit of constructing irrigation canals on a large scale, or reservoirs 
to store flood waters (unless it be for the service of their canals), or longitudinal banks 
to direct or control the periodical overflows of their great rivers. In fact, this art, 
like all others, has remained in a rudimentary state in the hands of that nation. 

In India the inhabitants appear to have early felt the necessity for, and to have 
taken measures to secure, an artificial supply of water to the agricultural districts not 
immediately situated upon the banks of the large rivers of the peninsula. To attain 
this object many vast canals were formed, conducting the waters of the Indus or the 
C-anges, or their tributaries, to the districts to be irrigated ; and large reservoii*s were 
also formed to store the torrential rains which fall at certain periods of the year. 
The diriaensious of these ‘ tanks ^ are frequently colossal; thus, that of Bintenny, 
although now half filled in, is said to have a circuit of about 8 miles ; that of Can- 
delay has airircult of about 44 miles, vrith a depth of about 24 feet at the head ; that 
of Mainery has a circuit of about 20 miles, with a transverse dyke of not less than a 
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mile ia length. In fact, every principle of legislation, religion, or superstition appears 
to have been made to co-operate with the extension of the system of irrigation, so 
indispensable for a nation subsisting almost entirely upon rice. 

But perhaps the origin of this science may be traced to the Iranian Empire, alike 
the cradle of the arts as it was of the languages of the civilized world. All the 
authors who have treated of that singular nation,— with which, thanks to the labours 
of Mr. Layard, assisted by the profound science of Major Eawlinson, we are beginning 
to become, as it were, practically acquainted, — all have assigned a very remote 
antiqiiity to the ‘Hanging Gardens of Babylon,’ and even a more remote date to the 
irrigation canals upon the banks of the Tigris and of the Euphrates. One work upon 
the latter river may be especially mentioned ; it is the artificial lake Hitocris, formed 
to receive the fiood^waters of that river, for the double purpose of storing them and 
of preventing their destructive ravages. According to Herodotus, this lake had a 
circuit of 20 miles ; according to Diodorus, the circuit was 75 miles. Under the 
rule of Mohammedanism, however, it has totally disappeared, together with nearly all 
the other works executed for similar purposes. 

In Egypt, the peculiar character of the climate and of the Nile appears to have 
occupied the attention of the earliest legislators and rulers of the country. Immense 
canals were cut, hy means of which the rising waters of that river were distributed 
over larger areas than they could reach naturally ; and transverse dykes appear to 
have been formed to facilitate the deposition of the fertilising mud they contained, by 
constituting, as it were, so many ponds of still water. General Andreossy, in his 
account of the Erench expedition to Egypt, mentions in detail the nature of these 
works, and he states that in Upper Egypt they are even now tolerably perfect. 

The canals, which served to conduct the waters during the inundations, became 
reservoirs when these had subsided ; but, as they were necessarily at a low level, the 
waters were forced to be raised by artificial means. The Archimedean screw is said 
to have been invented by the philosopher from whom it derives its name, during his 
travels in Egypt ; and it is certain that the noria was frequently employed in such 
positions as those alluded to. Many of these machines are even employed at the 
present day. But the most remarkable work executed by the ancient inhabitants of 
Egypt is unquestionably the lake Moeris, which served to store the waters of the 
inundations. Pomponius Mela states that the area of this reservoir was about 1500 
acres j whilst, according to Herodotus and Strabo, it was double that size. It was 
formed by Menes, who also executed other very extraordinary works for the same 
purpose of regulating the inundations of the river, and of storing its waters against 
the dry seasons. 

In Ethiopia and Nubia similar methods to those used in Egypt appear to have been 
anciently employed. In Palestine and Phoenicia irrigation was also adopted ; hut the 
usual practice appears to have been more confined to the watering lands by simple 
machines than by costly and extensive deviations of running streams. 

The Greeks do not appear to have paid any attention to the useful appEcation of 
hydraulics, either for irrigation or domestic purposes. Nor do the Romans appear to 
have devoted much attention to the former subject, whilst the latter occupied one of 
the most prominent places in their consideration. Cato and Tirgil aliude to irrigation, 
it is true ; but, very singularly, no authentic remains of canals, water-courses, or 
reservoirs for this purpose, constructed by the Eomans, have been found in any of 
their numerous possessions ; whilst it would be impossible to cite a province in which 
vestiges of the colossal works they erected to secure the water supply of their towns 
may not be found. 

"In the middle ages, the Yisigoths constructed several very important irrigation 
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canals in the Sonth of France and in Spain ; and the Arabs, who subsequently became 
masters of the latter country, continued the works of their predecessors, adding to 
them the construction of storeage reservoirs, and the application of the noria— a 
machine they introduced wherever they established their dominion. In Catalonia, 
Yalencia, and Andalusia, the irrigation canals constructed by the Arabs are, even at 
the present day, in a very perfect state. Upon one of them, in Valencia, that of 
Almazora, is a syphon of about 510 feet in length, which would prove that the state 
of hydraulic science had reached a very advanced point amongst that anomalous people. 
In Upper Catalonia it is not uncommon to see norias set in motion by wind-mills, for 
the purpose of raising water to the upper districts. 

In modern Italy the science of irrigation has made perhaps the greatest progress, 
and, singularly enough, it would appear to be the most practised in the districts 
formerly occupied by either the Gothic or Visigothie tribes. In the Piedmontese 
dominions, and in Lombardy, the most perfect system of irrigation wbicb can be cited, 
perhaps in the wmrld, exists ; whilst in Central and Southern Italy very little has been 
done to apply to useful purposes the numerous streams descending from the Apennines. 
As many of our future illustrations will be drawn from Upper Italy, it may suffice at 
present to mention, that frequently the artificial water-courses of that country have 
been designed with a view to render them applicable to the purposes of irrigariou and 
of navigation at the same time ; and that in Piedmont many lai’ge reservoirs have been 
formed to store rain-waters. 

In tbe South of France, also, tbe Gothic tribes introduced the system of irrigatioD. 
One of the largest canals formed for this purpose in the Eastern Pyrenees is called, 
even at the present day, after Alaric, and is usually believed to have been constructed 
by the orders of that conqueror, who would seem occasioually to have had ideas of a 
different nature from those usually attributed to him. In the centre and in the North 
of France partial irrigation is carried on by diverting some streams, and, like those in 
the South, they appear to be of very great antiquity. Storeage reservoirs for rain- 
waters exist only in the South. 

In Germany, Holland, and Flanders, it is very rare to find any other kind of irriga- 
tion than that known in our country by the name of water meadows ; nor do the 
means employed exhibit more ingenuity than those we are accustomed to at home. 
In fact, tne climate of Northern Europe is far too moist to require any great outlay in 
securing an artificial augmentation of the prevailing characteristic ; and the difficulty 
the scientific farmer has to encounter is rather the excess, than the want, of water. 
All these countries, like our own also in this, adopt the practice of ‘ warping ’ (wbioh 
will be described hereafter), for the purpose of retaining the materials in suspension 
in the tidal waters of their estuaries. 

America is still too fresh to require the application of science for the extraction of 
its agricultural wealth. There are a few water meadows in the alluvial plains of 
North America, but the science of irrigation, not being yet required, is of course in a 
rutlimentary state. 

General Prmciples of Irrigation, 

It may be asserted, as a general rule, that there are no countries to which irrigation 
may not be usefully applied ; but the atmospheric conditions of the intertropical and 
of the glacial zones are such as to render the economical results of the operation often 
very questionable in their cases. For, firstly, it is well known that as we proceed 
from the temperate zones towards the Poles, the average annual rain-fall tends to dis- 
tribute itself more equally over the year, even if the total quantity be not greater. A 
general system of irrigation in such countries would necessarily cost as much as in any 
other ; bat ecca^ons for its use would diminish more and more as we approached 
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the Poles. In the mtertropical regions, on the contrary, the excessive heats would 
require much greater quantities of water, and the class of vegetation thus called into 
existence would be of a nature so totally different from that aimed at in the temperate 
zones, that none of the present rules for the management of irrigation would apply. 
The most satisfactory results hitherto attained have been unquestionably those to be 
met with in the tempei'ate zones, and it is to them attention will be principally 
directed. In our hemisphere they may he considered to be comprised within the 25th 
to the 57th degree of latitude, although, as is well known, modifications of the system 
are applied in much higher latitudes. In the southern hemisphere the zone adapted 
for irrigation may be regarded as being of about an equal breadth. 

Th-Q irrigable region of the northern hemisphere may he separated into four sub- 
divisions, founded upon the class of produce which characterises them. The first 
would be the zone in which rice is cultivated ; 

The second, that in which the olive is raised ; 

The third, that in which the vine is raised ; 

The fourth, that in which wheat is the staple produce. 

Like the zones adapted for irrigation, the subdivisions are not to be considered as 
defined by any regular line ; for the greater or less proximity to the ocean, the greater 
or less number of mountains in any of them, and the relative general dip of the surface, 
alter singularly the warmth, or the moisture, of any particular place. 

In the neighbourhood of towns, in all the subdivisions, the production of garden 
vegetables gives rise to a peculiar kind of cultivation, which requires the application 
of water every day. The instances where this is effected by irrigation, properly so 
called, are very few, and the means usually employed are to raise the water requisite 
from deep wells by the simplest machinery possible. Some of these will be described 
in the subsequent parts of this article. 

Reversing the order of the subdivisions, to consider the kind of produce most likely 
to be benefited by irrigation, it is to be observed, that unquestionably the greatest 
advantage to be derived from it is in the fourth zone and in the application to water 
meadows such as may be called * natural.’ 

Artificial meadows also gain by it, and to such an extent, that it is asserted that in 
Spain and in the South of France the lucerne will yield as many as eight or nine crops 
in the year. In the North, there appears very little reason to doubt but that an extra 
crop might be obtained from this grass, or that the yield might he increased one- 
quarter. The sainfoin also gains by irrigation ; but as it is a hardy plant and grows 
tolerably in very dry situations, it is more particularly reserved for drier positions. 
It is a received axiom, however, amongst continental farmers, that the most beneficial 
application of irrigation is to natural meadows, and the practice of our own farmers in 
this is precisely similar. 

Occasionally, in the most northern subdivision, it would be desirable to be able to 
irrigate corn lands, as in the year 1846. The expense, however, would always be too 
great for the benefit to be derived. 

It may be as well to observe that by the term ‘natural meadows’ is meant such as 
have a vegetation of which the graminese form the base ; such as the phlosum pratense, 
lolium perenne, festuca sylvatica, poa pratensis, &e. The term / artificial meadows ’ 
implies such as have a vegetation composed of the leguminosse ; such as the medicago 
sativa, trifolium pratense, vicia sativa, &c , ; all of which latter class are sown regu- 
larly every year. 

The waters used for the purpose of irrigatxou are not equal in quality, and care 
must be taken in their selection. Those which flow from forests, peat mosses, or such 
as contain large quantities of the oxide of iron, are but little adapted to such uses, 
'VOU>, III. ■ ■ ,■ .Z z 
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even if the two latter may not he considered positively injurions. As a general rule, 
those waters are the "best which have been the longest exposed to the air, or in the 
proportion in which they have traversed fertile lands able to communicate some of 
their properties. It is on this account that the waters flowing through towns or 
villages are the most desirable. Streams which rise from the granitic or primary 
rocks are always more advantageous than those from the secondary formations. It 
would appear also, that they hold in suspension a considerable quantity of potassa ; 
and this substance is in the greater number of cases required to correct the nature of 
the sod of the alluvial valleys, , The waters from the secondary limestones develop 
the growth of the carex, and of some of the poorer graminem, precisely in the propor* 
tion to which they are able to hold in suspension or solution the salts of lime. Rocks 
of the argillo-calcareous character, or marls, yield springs of an intermediate character. 
But it must be always borne in mind, that the condition to be fulfilled by any water 
for irrigation being to correct the deficiencies of the soil traversed, it may freqxiently 
happen that calcareous waters may he the most adapted to improve the argillaceous 
formations to be met with in some of the primary districts. 

Sea- water mixed with fresh, or the brackish water of embouchures, is highly fitted 
for irrigation ; and cattle are known to eat the grass grown in salt marshes with 
remarkable avidity. It may, however, be stated generally, that a very simple crite- 
rion of the quality or adaptation of water to the purposes of irrigation may he found 
in the vegetation of the natural channel. If it be covered with a luxuriant vigorous 
herbage, and the latter be of a good quality, the water of the stream may be safely 
pronounced to be adapted for the proposed use. 

The description of soil which derives the greatest benefit from irrigation is that 
which is the most permeable, and which is the most easily warmed. Compact, clayey 
lands, on the contrary, gain the least, because they absorb with greater difficulty the 
heat necessary to insure that the water should produce the greatest efiect. Moreover, 
as such lands are very retentive, the water they hold produces a very injurious effect 
by cooling the ground when evaporation takes place. In this kind of soil then it is 
necessary to let the water on at intervals of some distance, according to the tempera- 
ture of the season. In all these general remarks upon soils, it is to he observed, that 
although the word * soil ’ only has been used, yet in fact the subsoil is far more 
important even than the superficial soil, and that they only apply to the former 
invariably. Indeed, if a stratum of clay be found upon a bed of gravel, it may be 
irrigated as fully as a lighter soil, whilst a sandy stratum upon an impermeable bed 
must receive the smaller quantity of water. 

As to peaty lands in a dry situation, MM. Be Girardin and Du Breuil state, that 
they require frequent irrigations, but so arranged that the waters should not remain 
long upon them. The water must be turned on in large masses, and made to circu- 
late with great rapidity ; for it has been found that the peat in such cases parted with 
a great portion of the acid and astringent properties it contained. 

The epoch during which irrigation is most profitably employed depends to a certain 
extent upon the object it is desired to effect. In the first, second, and third zones, 
this is principally to develop the progress of vegetation by lowering the excessive heat 
of the soil, and to obviate the inconvenience of drought. In these cases, evidently the 
operation should be performed in summer. In the third and fourth zones, however, 
water is often turned over meadows for the express purpose of protecting them from 
frost, and consequently should he applied in the winter. But in all, if it he desired 
to secfTOth® deposit brought down by the streams, it is advisable to irrigate between the 
and the beginning of spring, for it is at this period of the year that 
the largest qttaatity of sediment is brought down from the upper country. Indeed, if 
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a large quantity of sediment were brought down in summer, it would be necessary to 
shut off the stream, because the impalpable powder thus deposited upon the leaves 
of the plants would render them unfit for cattle. 

In warm weather, the time of day during which irrigation takes place is also to he 
considered. It has usually been observed that there is danger in applying it when the 
j heat is the greatest, and that it is preferable to let tie waters flow over the ground 

in the morning, or more particularly in the evening. When, however, irrigation is 
principally nsed as a preservative from frost, it should be applied during the 
' whole day. 

' Very little is known with respect to the precise quantity of water necessary to irri- 

gate a definite surface, Indeed, it must be difficult to arrive at any very precise 
, notions upon this question, because the nature of the soil and of the subsoil, as well 

as the hygrometric conditiors of the atmosphere, influence its solution. From observa- 
tions made in the South of France by hTadault de Buffon, however, it appears that an 
acre of meadow land requires about 1200 cubic feet per day, during the season for 

S irrigation. In more northerly situations it would certainly not be necessary to employ 

more than half of this quantity, even upon tolerably light lands- 
There are certain primai*y conditions requisite to the establishment of a good 
\ system of irrigation, which may be briefly stated to consist in the facility for securing 

a constant supply of water, and such a configuration of the soil as to secure a regular 
current over it, and a perfect discharge for the water after it shall have performed its 
|. ■ duty. , 

I When the irrigation is to be effected by a running stream, to which the proprietor 

I of the land has an undisputed right, so long as it is within his possessions, the 

1 deviation of the water may be effected either hy a dyke or dam across the whole 

I width of the stream, a &, fig. 1, or a portion only may be diverted by means of a 

5 spur, c cZ, fig. 2, or finally the transverse dyke may be made with a hatch so as 

I to regulate the flow. A transverse dam across the whole stream is, wherever 

* possible, the most desirable, because it enables the water to be penned back, and thus 

to be poured upon higher parts of the land : should this mode of raising the level of 



the water be adopted, care must be taken to prevent the flooding of upper lands 


belonging to other parties, and it must be borne in mind that the top water-line of 
an intercepted stream is never horizontal, hut that it assumes a hyperbolic curve, 
joining the natural declivity at a distance varying with the inclination of the bed. 
If these means should not be sufficient to pour the waters over all the meadows, 
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it will be necessary to employ mechanical means. (5ee * Elver Navigation,* 
section I.) 

When the stream is of small volume, it is often found that the infiltration and 
evaporation from the leading channels will so dimmish its yield as to leave hardly 
any water for the lower or remote portions. This may be remedied by the construction 
of reservoirs in which the water is allowed to accumulate, and from which it is dis- 
tributed in flushes. 

The construction of artificial reservoirs also furnishes the means of irrigating 
districts in which no natural water- course exists. By throwing a dam across the 
narrow gorge of a deep valley, in the manner frequently employed for canal reservoirs, 
it is easy to retain the rains falling in superabundance on the highlands during the 
winter months, which are subsequently poured upon the low lands in summer. For 
the mere purpose of irrigation, these reservoirs do not require to be constructed with 
the perfection necessary for canals. They may be made with a transverse dam of 
earth,, if it be of a nature to resist infiltrations, and tbe outside either covered with 
turf or dry pitching. The crown of snch a dam should have a width equal to half its 
height, and the base should he at least three times the height ; the hatter should be 
on the inside, towards the water, and formed in steps ; it would also be preferable to 
make the dam convex to the inside. The top should be about two feet above the 
highest water-line, and two sluices are to be placed at the bottom, one for drawing off 
the water, the other for cleansing the bottom of the reservoir. The reader is referred 
to the article upon Eiver Navigation, section ‘ canal,’ for the details of the other 
precautions to be observed in the execution of these works, which might be made to 
render immense service to agriculture. 

In Piedmont many such irrigation reservoirs have been formed ; in Spain the Arabs 
constructed several very large ones,— amongst which, the one near Alicante may be 
particularly died. In the Jura, and the department de I’Ain, in Switzerland, Hun- 
gary, and the Tyrol, the practice is sufficiently common, but in onr own country it 
can hardly be said to have been tried unless upon tbe Duke of Portland’s estate. 
The average proportions of the reservoirs in Piedmont seem to be such as to require 
a water surface of 1 acre to every acre irrigated, with a depth of about 1 yard 
to every 2 acres of water. Evidently, however, it is desirable that the depth be as 
great as possible. 

The dimensions to be given to reservoirs must be influenced by the nature of the 
soil to be irrigated and the crop to be raised, far more than by any general rule ; 
the climate of the district in which they are to be constructed must also be taken into 
account. We have seen that in the South of France 1200 cubic feet per acre per day 
are required ; but if the soil be very permeable, and it should be impossible to make 
the water serve two or three times, much more would be required. Again, in the 
same region it is sufficient to irrigate five or six times after the first crop is carried, 
to secure a second, and an aftermath ; but to calculate that a reservoir able to furnish 
from 6000 to 7000 cubic feet per acre would be sufficient, would lead to serious dis- 
appointment, For in this case the winter irrigation would not be taken into account, 
and probably it is more important than that during the summer months. If the 
reservoirs be well constructed, it is true that the excess of the heavy winter rains, and 
the greater volume of land springs, may effect this object ; but it is far too important 
to be left out of consideration, and if the locality do not contain any natural resources 
for the supply of this particular brauch of irrigation, the capacity of the reservoirs 
must be doubled.; In many positions tbe heavy summer rains allow the reservoirs to 
he several times ,; hut experience has demonstrated that it is not prudent to 

calculate resource^ , and that it is advisable to make the reservoirs sufficiently 
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large io insure tlaeir being filled in tbe months from September to December 
included, to contain all that can arrive in them during that period, and to use the 
waste water for the winter irrigation. The precise quantity cited above is, however, 
only to be taken as applicable to the locality named : as was before said, in our more 
northerly climate, in all probability it would not be necessary to use more than one- 
half the water required to insure the perfect irrigation of the meadows in Italy or 
Southern France. 

The remaining details of the application of a system of irrigation must depend 
necessarily upon the greater or less proximity of the supply, and of the local facilities 
for its application. The first condition to be attained is that the water spread over 
any surface should be able to flow away easily, and not to lodge in the lower portions ; 
for directly it hecomes stagnant, it develops the growth of noxious plants. From this 
arises the necessity for previously arranging the levels of the land to he irrigated, so 
as to attain the following conditions : 1st, the waters must arrive hy the culmina- 
ting points ,* 2nd, they must he distributed ovg the lower portions falling away from 
these points ; 3rd, they must be collected in the outfall drains immediately they shall 
have passed over the laud to be irrigated. 

The arrangement of the surface of any land, in order to obtain these results, differs 
according to the natural configuration of the ground, which is found to be the most 
advantageous when there exists a natural declivity over the whole surface. In such 
cases as those represented below, nothing is required but to level the ground hy fiRing 
up the lower points, aa, hy means of the earth removed from the upper points, 
B B, so as to secure a perfectly even surface in the direction of the line o 3>.^ When the 
land is horizontal, it becomes necessary to create artificial inclinations similar to those 
mentioned, in order to facilitate the discharge of the water ; and with this view a series 
of inclined planes are formed, beginning from the point where the water enters the 
field. The earth is removed from the lower parts of these depressions, and heaped 
up in the centre, so as to insure a double fall from the latter : each of these planes 



Pig. S.—Bection of land to be regularised for irrigation.. 



Pig. 4. —Section of land disposed in inclined planes to receive irrigation. 

has at its culminating points, A A, a channel for the purpose of distributing the water 
and a drain at the lower points, B B, to receive and carry off the waters after they shall 
have produced their effect. The rate of inclination of these planes vari 
1 in 1000 to 1 in 100, according to the nature of the ground. In light and absorbent 
soils it requires to be slight, in order that the water may remain long upon them, 
and that it may not scour the ground ; in compact heavy lands, on the contrary, the 
inclination ought to he greater. 

The width of the planes is also regulated by the nature of the soil ; the more com- 
pact this is, the wider the planes ought to be made ; because the water can flow over a 
greater sui-faoe wittout being absorbed. In light and Tery absorbent soils tbe 
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planes ought to he narrower: the width in the first instance may be about 130 feet, 
whilst in the second it may be necessary to confine it to about 26 feet. 

In all cases in which it is necessary to execute any earth- works in order to give the 
requisite form to the ground, it will be advisable to remove the turf in regular layers ; 
when the works shall have been completed, this will be replaced, and carefully beaten 
down upon the soil, for the purpose of obtaining more rapidly a surface covered with 
grass of a good quality. 

The main conductor receives the waters directly from the river, and conveys them 
to the /eec^era, which are usually placed at right angles to it, and which serve to dis- 
tribute them over the surface of the meadow. This course is necessary, because if 
the feeders derived their supply directly from the river, and the volume of the latter 
were considerable, in the first place it would be difficult to regulate the flow, and in 
the second, if the stream should rise x’apidly, it might hollow the land to a very serious 
extent. Evidently, if the river be small, there can be no reason why the feeders 
should not be formed directly upon it. 

The main conductor takes its origin above the weir placed across the stream, and 
should be so directed as to convey the water to all parts of the land to be irrigated, 
and its banks should be made a little higher than the surrounding land, so as to insure 
a flow of water towards the latter, without its spreading irregularly over the sides. 
The feeders should, as far as possible, be arranged perpendicularly to the general 
inclination of the ground, as is represented in figs. 5 and 6, by the line ejd. In some 







Fig, 5.— Irrigation by moans of a main conductor. 

oases it is necessary to form secondary feeders, in order to distribute the waters of the 
main feeders over the whole surface. These are directed to suit the general inclina- 
tion of the ground, according to the line n b, fig. 6, and are placed at the summit of 
the inclined planes indicated in fig. 4. 

The inclination of the main conductors and of the feeders is usually made about 1 in 
500, which is sufficient to allow the waters to flow with a proper velocity, without 
injuring' tho bed. In proportion as the feeders are removed from the source of sujxply 
they 4ffiminished in dimension, in order that the waters may retain their 

initial velooi’^.’ Itis usual to confine the length of the feeders to about 70 feet, and 
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wlien the surface to be irrigated exceeds that ■width, to construct secondary conduc- 
tors j for the waters do not circulate with sufficient velocity when the length is 


Irrigation when the surface of the land is with in'egular inclinations. 

In England, the process of irrigation generally takes place after the month of 
October, when the aftermath has been carried. The water is first kept upon the 
ground for a fortnight or three weeks at a time ; it is then let off, and the ground 
dry for five or six days ; and this process of alternately flooding and drying is con- 
tinued until the end of January, care being taken to let the water off if a hard frost 
intervene. As the spring advances and the grasses shoot forth, the periods of watering 
are shortened, so that the flooding shall not last more than four or five days consecu- 
tively. In the southei'n counties of England, the meadows are ready for the reception 
of stock of all kinds in the middle of Harch ; but more towards the north, where 
the grasses do not make such early progress, the flooding is generally continued through 
the whole month of May : after this it is discontinued for the season, and one or 
crops of hay are produced. Flooding during the months of summer produces a rapid and 
rich vegetation ; hut it is by summer flooding, where it is practised, that the fatal 
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disease of rots is introduced, so tliat no sheep should ever enter the meadows which 
have been flooded during the summer months. 

It is important that the water be removed from the land as rapidly as possible after 
the irrigation has been terminated. This removal of the surplus constitutes, in fact 
the difference between water meadows and marshes, and too much attention cannot 
be paid to its attainment. 

To shut out the waters from the conducting channels and the feeders when the 
flooding is suspended, or to raise them to such an extent as to cause them to flow over 
portions of the fields they could not reach naturally, hatches or sluices are used. 

The most important of these is the hatch placed at the point where the main 
feeder branches into the stream. "Without this the meadow might be inundated by 
any unexpected freshet: if the latter should occur when the crop is in a forward 
state, and if it be charged with matter in suspension, serious injury might arise to 
the crop. Similar hatches must he placed at the outfall, in order to exclude back- 
currents ; but of course these are to he raised when flooding is in operation. It is 
also very useful to place hatches immediately helow the points where the secondary 
conductors take their origin, and even occasionally to close the entrances of the 
feeders, either by a moveable dam or by merely placing a few pieces of turf acioss 

Hitherto we have confined out observations upon the practice of irrigation to the 
agricultural region in which wheat is the staple produce of the zone. The same 
remarks apply to the region of the vine, for in it also the application of irrigation 
can only take place upon meadow lauds. In fact, all waters appear to have a 
tendency to develop the leaves of plants rather than the fruits or grain ; and in 
certain seasons of the year the vapour arising from moist land, so far from being 
advantageous, is positively injurious, especially when it is accompanied by sudden 
depressions of the temperature, such as occur in the later summer or the early 
autumn, when the fruit is ripening. In the vine district the rainy season occurs 
during the epoch of the growth of the plant when water is necessary for its develop- 
ment, and although unquestionably periods of drought occur during which the vines 
would be much benefited by a supply of water by artificial means, yet the occasions 
for such supply are so rare, as to render it manifestly absurd to undertake any 
extensive works, or to incur any great outlay for the purpose of effecting it. The 
climate of this region is, howler, so dry, that in order to obtain grass or forage, it 
is indispensably necessary to form water meadows. Practically, the general prin- 
ciples stated as regulating these in the fourth agricultural district may be said to 
apply to those in the third. 

With respect to the olive district, or the second, the necessity for watering lands 
intended to produce grass or to feed cattle is even greater than in the third and 
fourth, for the simple reason that the climate is hotter and drier. In this zone, 
however, irrigation has been from time immemorial applied to the gardens and 
pleasure-grounds in all positions to which it could be conveyed. The dry, clear, 
burning atmosphere has rendered artificial irrigation not only a necessity for the 
plants, but also a source of luxurious enjoyment to man. In such countries, where- 
ever water can be applied, the vegetation assumes a degree of surpassing vigour under 
the combined action of heat and moisture. All beyond the line of irrigation is a mere 
barren desert, the more frightful from its contrast to the watered lands. The valleys 
of Damascus, Glrenada, Hi^res, and othei’s situated like them at the base of snow- 
csapped mountains, are known as widely as truth or fiction cau spread the tale of their 
marvellous beauty and fertility. However, confining ourselves to the mere practical 
question,, . thieiSia^e general principles with respect to procuring water apply in this 
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zone wMcli apply in tlie others, excepting that instead of being allowed to flow over 
the surface as in the case of water meadows, or of rice grounds, to be hereafter 
described, it is confined in regular channels, and produces its effects by infiltration 
through the light sandy soils prevailing in these regions. The remark made above 
as to the tendency of an excess of water to develop beyond its proper limits the 
leafy parts of plants, is even more true in the olive region than in the others, because 
the excessive heat of the climate increases the activity of the vegetative principle. 

The main difference to be observed in the irrigation of this particular district from 
the system employed upon the water meadows of the two previously mentioned is that 
the former takes place principally by infiltration, whilst the latter acts by flooding the 
land, and consequently that the water-courses of the former are obliged to he kept 
constantly full. Such a process could only be successfully carried out upon the banks 
of a running stream, fed by what we may call perennial sources. Reservoirs could be 
of very little use in such positions, for the evident reason that they could not be made 
of sufficient capacity to allow of a regular and copious distribution during a lengthened 
period of drought. The character of the husbandry of such districts naturally takes 
its principal characteristics from these circumstances j and we find that meadow lands 
are rare, whilst gardens and orchards are common. In the latitudes comprised 
within the zone under consideration, the Indian corn appears to be the most adapted 
to supply the place of the grains produced more northerly. 

The last of the regions to which irrigation is applied has been already described as 
that producing rice, which is cultivated to a considerable extent in Southern Europe, 
Asia, Africa, and America, below the 46th degree of latitude. The rice is essentially 
an aquatic plant, and requires to he constantly immersed in order to perfect its 
development. It appears that the quality of the land upon which it is raised is a 
matter of but little importance comparatively with that of the waters ; and that the 
latter is by so much the better as it is charged with the greater quantity of extra* 
neons matter. River and pond waters are the most advantageous j that of springs is 
the worst, because the purest and coldest, and it should not therefore be employed 
without being exposed in shallow reservoirs and mixed with animal manure. It is 
usually calculated that it requires about 1 foot cube of water per minute per acre to 
maintain a proper stream over rice land of a tolerably permeable nature. 

In rice countries the cultivation is either permanent, or it performs part of a 
rotation. In the first case the land must be marshy, either from the want of outfall 
or from the springs rising in it. In the second case a species of ailiificial irrigation is 
requisite for every crop of rice to he raised. 

"Whatever be the nature of the ground to be converted into rice lands, the first 
condition requisite is that the water be preserved continually in movement, and that 
all brought upon it he removed. A series of plane surfaces must thus be formed, so 
that no part be allowed to remain dry, and that the water be not allowed to stagnate 
in any part. The whole surface must therefore he levelled ; and if it be too extensive 
for only one such surface, it may be divided into two or more, provided that each of 
them be nearly horizontal. The land is then to he ploughed, and. the retaining banks 
are formed: of these there are two sorts,— firstly, the longitudinal ones, or those in 
the direction of the stream, which are intended to last as long as the field is laid 
down in rice; and secondly, the transverse ones, which intercept the direction of 
the current in an angular direction, so that when these banks are completed the rice- 
field is divided into a series of polygons. The size of these polygons is principally 
regulated by the difference of the levels of the planes of the respective parts of the 
field. In those which have much inclination they are numerous, in order to econo- 
mize the labour of disposing them in horizontal planes, Moreover, their dimensions 






/"“■ ' ' V,B 
i i, 

- i 





706 WATER MEABOWS^ OR IRRIGATION. 


are limited by tlie consideration that the larger they are, the greater probability there 
is that the wind may tear up the young plants when they only hold by a small root. 
The quantity of water disposable is also another consideration ; and lastly, it must be 
borne in mind that the increased number of banka occupies a considerable surface of 
valuable land. 

It is usual to make the banks about 6 inches above the ground on the upper side, 
and about 2 feet on the under; the width is never less than 6 inches at the crown, 
but as the top of the banks often serves for a road as well as for the particular object 
of their formation, this may vary indefinitely. They are made with the earth taken 
from the lower parts of the field. 

When the banks are terminated, as indicated in the following diagram, the water 
is let into the first division, and allowed to rise about 5 inches all over the surface. 
Some openings are then made in the lower banks, and the water is successively let 
into all of them; so that the rice ground becomes converted, in fact, into a succession 
of small ponds, separated by the banks. This preliminary indication serves also to 
verify the levels of the surface, — all the portions left dry requiring to be lowered. 

It does not enter into our province to describe more fully the mode of cultivating 
** rioe, further than to say that daring the whole duration of its growth it is subject to 
irrigation by fiooding, in a manner varying with the health of the plant, the degree of 


Plan of Bice Grounds. 


maturity, or the violence of the wind. It is therefore necessary to dispose the 
irrigation upon such principles as to be able to regulate its flow and to shut it off 
occasionally. After the crop has been carried, all the water is withdrawn, and the 
land is left exposed to the action of the atmosphere throughout the winter, and until 
the spring. 

In many localities, both in England and abroad, a peculiar system of irrigation is 
practised, which consists in allowing waters highly charged with sediment to flow 
over the land and to deposit tranquilly the matters they contain. This system is 
known in our own country by the name of ‘warping,’ and it is principally employed 
upon the hanks of the Humber : on the Continent it prevails to some extent in Holland 
and Hbrth Q-ermany. 

To resume^ then, the different systems of irrigation, so far at least as they may be 
described a and comprehensive manner, the}’- may be said to consist of — 
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1. Irrigation by level cbannels ; inwbicb tbe land is disposed so as to bave a 
regular fall, and tbe water is conducted by means of level ebannels so as to distribute 
tbe water evenly over tbe surface in a tbin uniform sheet, 

2. Irrigation by feeders ; in wbicb tbe conductors lead tbe waters over tbe whole 
surface, but with less regularity, owing to the configuration of the soil requiring that 
their direction and iuclination be modified. 

3. Irrigation by stages ; in wbicb tbe ground is laid out in a succession of level 
planes, over which tbe water is consecutively distributed. 

4. Irrigation by flooding ; in which tbe water is let upon tbe land without any 
previous levelling of tbe surface, and in which great inequalities are allowed to exist 
in the depth of the water and its rate of flow. 

5. Irrigation by infiltration j in wbicb the water is allowed to permeate tbe land 
through the banks of the channels or the ponds in which it is confined. 

6. Irrigation by rain-waters stored either in reservoirs at the gorges of valleys, or in 
channels so constructed upon a hill-side as to retain the winter-rains. 

7. Irrigation for the purpose of retaining the matters in suspension in the waters. 

JDesGription of the Worha required to carry out a system of Irrigation. 

There are few branches of Engineering which require more skill than the one under 
consideration, especially in countries where water is valuable. 

Of the different kinds of channels necessary to carry out a system of irrigation our 
attention may he confined to the following : 

1. The leading channel, or conductor j 

2. The secondary channels j 

3. The feeders ; 

4. The discharging channels ; and 

5. The channels used for irrigation and navigation. 

1. The leading channels are placed directly upon the banks of a stream or a river 
with which they communicate by means of works whose nature depends upon the 
character of the source and the quantity of land to he irrigated. They usually 
consist of two distinct parts, one lying between the point of junction and the first 
point to be irrigated ; the second comprises the remaining part of the conductor 
with aU its ramifications. The first part only serves as a leading channel, and 
inasmuch as it does not give off any water laterally, it retains a uniform depth and 
section. The second part, containing numerous branches, has a width varying suc- 
cessively according to the consumption of water by the subsidiary channels. Great 
care is requisite in settling the conditions of this main conductor, especially when the 
volume of the river is likely to ho affected by droughts, in order to secure an efficient 
supply in such seasons. 

2. The secondary channels bear the same relation to the main channel which this 
does to the river from which the supply is derived, and they should he formed upon 
the higher portions of the land to he irrigated. Their use is principally to distribute 

tbe waters over the remoter portions of the district. 

8. The feeders are principally designed for the purpose of distributing tbe waters 
brought down by the channels, previously described, over the whole surface of the 



stages or planes. 

4. The discharging channels are formed in the lower parts of the land to be 
irrigated, for the purpose of receiving the waters after they have flowed over the land, 
and to receive the quantity wliich may be in excess of that required for the particular 
object of the irrigation. 

5. The channels, or perhaps, more correctly speaking, , the canals, used simulta- 
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neoiisly for irrigation and navigation, might he rendered a source of immense Increase 
to the national wealth in many cases, hy employing the water to the greatest possible 
extent ; and, as it might also he made to serve as a motive power, it might thus he 
rendered triply productive. The essential difference between this class of canal and 
the ordinary navigable ones consists in the form of the locks, which, in addition to 
the nsual chamber for the passage of the boats, have a sluice so arranged as to supply 
for the purposes of irrigation the quantity of water required without interfering with 
the movement of the navigation. The flow of the water over these sluices is some- 
times employed also as a motive power, in which cases the tail bays require to be so 
placed as to allow the water to return into the main channel. 

One of the most remarkable instances of the adaptation of an artificial water-course 
to the three uses of navigation, irrigation, and mill-work, is to be found in the canal 
of Pavia. In the upper portions the rate of flow is somewhat great, yet the up traffic 
from Milan to Pavia is effected at the rate of rather more than three leagues 
(8 4 miles) per hour. The only defect which appears to exist in this canal arises from 
its having been formed in a stratum of permeable gravel, and that serious fittrations 
take place. Nevertheless, this canal, with an average volume of 245 to 250 feet 
cubic per second, serves to support a very active navigation, to irrigate a large district, 
and to drive numerous mills; whilst many natural rivers of much greater volume, 
owing to the irregularities of their beds, are not capable of supplying either of these 
sources of employment. 

The first operation to he performed before commencing any large work of irrigation 
is to ascertain whether the land is near a water-course with considerable fall, and 
retaining in summer a sufficient discharge to insure the constant supply of the 
quantity required ; secondly, to ascertain whether a sufficiently large surface of level, 
or nearly level, land exists, 'which, however, must combine such conditions of trans- 
section as to allow the water to he removed freely after it shall have performed 
its functions, without its being necessary to execute any very expensive works. The 
extent of the surface thus to he irrigated is indeed one of the most important con- 
siderations, because upon it will depend the dimensions to he given to the channel 
and the conditions of supply from the stream. The most favourable region for the 
establishment of irrigations appears to he near the feet of mountain chains, where the 
inclination, and the supply of water, are constant. 

AYhen these conditions are ascertained to he satisfactorily solved, it would he 
advisable, if possible, to take a contour map of the district, or at least to run as many 
longitudinal and transverse sections as possible. Upon the map so laid down the system 
is to be ari’anged, — observing that, in so far as the direction of the main channel is 
concerned, the shortest line is to he preferred, unless the expense of the earth- works 
bridges, maintenance, &c. he such as to justify a deviation. If, however, the source 
of supply he in a river whose summer level is exposed to variations, it may frequently 
that it would he desirable to give considerable length to the conductor, for 
the purpose of insuring a regular supply. As soon as the principal directions of the 
important works are thus settled, the ground must he levelled in the direction of the 
and a sufficient number of cross sections must be taken to allow of its being 
afterwards diverted, should such a course he found necessary. 

ImUnations.—ln stating, as we did above, that the inclination of the conductor and 
feeders should he about 1 in 500, it must he understood that the rule only holds good 
in the region then under notice. The question of inclination is really a very compli- 
cated one^ and far removed from these simple appreciations. 

For mstaaoc, in navigable canals the difference of level between the extreme points 
is for the nioist pat# otercome hy locks ; and as the lock-chambers, binder any circum- 
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siances, are filled by fcbe water flowing tb rough the sluices under a heavy pressure, 
a fall between a set of locks would only impede the ascending navigation without 
producing any good result. A fall of from 10 to 12 in 10,000 is then the extreme 
of all that should be admitted in such works. In the main conductors for a system 
of irrigation this rule requires to he modified, for as the land must receive a certain 
definite quantity, the fall and dimensions of the canal must be modified accordingly. 
The maintenance of the hanks of the canal is most favourably effected when the rate 
of flow is moderate ; and, as a further general remark, we may observe, that if the 
water be intended to be used as a motive power, there exists an additional reason for 
rendering the fall as slight as possible between separate portions of the course, and for 
overcoming the difference between the extreme points by means of mill-dams. There 
is, however, a limit in this direction, beyond which it becomes dangerous to diminish 
the rate of inGlination ; for should the river from which the supply is derived bring 
down much matter in suspension, a canal with a feeble inclination would be exposed 
to become silted up very rapidly. All these conditions again may be modified 
by the nature of the strata traversed ; for if they should be of a description to 
retard the flow of the water, they may frequently require that the inclination 
be. augmented. ' 

In most countries certain rules prevail in these matters, which appear to he 
founded upon local experience without much reference to logical principles. 
Vitruvius recommends that in water-courses an inormation of about in 10,000 be 
given. Scamozzi and Alberti indicate one-half the above as being the best; whilst 
in the sixteenth and seventeenth centuries the hydraulic engineers of Domhardy 
adopted inclinations varying from fsog to gjgg : at the present day the inoli nations 
given in that country are even less than those last cited, for the waters are usually 
sufficiently clear to obviate any danger upon the score of the silting up of the chan- 
nels. In mountainous countries, again, we find that the inclinations are greater than 
in plains, because in such cases there is less occasion to economise the water. 

The following are the inclinations of some of the principal canals, either for irrigation, 
or for navigation combined with irrigation, in France and Italy : 

In the upper valleys of the Alps, Switzerland, Savoy, Tyrol, the 
Dauphin^, and in the valleys of the Pyrenees » . . . • sfe 

Average inclination in the Is^i’e, Drome, &c. . , . . . . gif 

Canal des Alpines (ancient southern branch) . . . . . . sJs 

Do, do. (modern northern branch) . . , , . . 

Do. de Marseille, modern, varying from . . , joVw 2 Tfi srjk 

Canale di Caluso, in the province of Ivr6e, in Piedmont . . . • il^ 

Do. of the Sessia, left hank , 

Do. of the Ticino, right bank . . . * , . . , . 

Modern canals executed by individuals . . » . . . . xiicr 

. , NavigliO'' Glrande,. 'Milan: No..'. 1. 

Do. do* ' 'do.'/ "2. .■.■/•jiVg 

Do. do. do. . 1^0. 3, Yfe 

Canale di Berguado 

Do. di Pavia . . . . » • . . • . • 

Do. della Martesana . . . . . . . * . . 2^0 

Do. della Huzza . . . . . . . . . , 

Private Canals recently executed, from . , . • • • 1505 sgba 

It appears from this, that in mountainous countries, hardly any limit can he said 
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to exist for tlie inclination of the irrigation channels; hut when it exceeds the 
fall must he regulated by a series of cascades or dams, for there are very few soils able 
to resist the denuding action of currents running with the velocity of such streams. 
The inclination which appears to be the most adapted to the waters of La Provence, 
containing much matter in suspension, ranges between ^.nd In Italy, 

on the other hand, where the waters are comparatively clear, the inclination given to 
the modem works of this nature is considerably less than that formerly judged to be 
indispensable. 

We may assume in practice, that in mountainous districts the inclination should 
he about 5 ^; that in plains, the channels exclusively devoted to the purposes of 
irrigation should be from xogg whilst if they be designed for navigation, as 

well as for irrigation, the limits must range from about to In the latter 

description of canals, the determining reason for the rate of inclination will often be 
found in the direction of the traffic. If it he in the direction of the stream, there 
may be no objection to adopting even so great an inclination as 5 ^, whilst if it be 
upwards or against the stream, the rate of fall must never exceed from to 
at the utmost. Even the more favourable of these is, however, of a natui*e to cause 
an obstruction to the navigation. 

The subsidiai‘y channels and feeders may have rates of inclination greater than 
those cited above, because, their object being to distribute the water over the ground, 
it is necessary that they be arranged so as to allow of its flowing off as rapidly as 
would be consistent with the condition of not furrowing the subsoil. lu the opera- 
tion of ‘warping,’ however, the leading channels must he made with a very rapid 
inclination. In this case it is desirable to lead the waters containing matter in suspen- 
sion upon low-lands, so that the deposit may take place upon them. 

Section o/jPeecfcr.— From the considerations alluded to in the former part of this 
article, it must be evident that the dimensions of the feeders must be regulated by an 
infinite variety of circumstances, either arising from the general inclination of the 
ground, or from the nature of the soil to he irrigated. Stated in general terms, how- 
ever, the problem to be solved may be thus expressed— “ Given the qxiantity of 
water to he supplied, and the rate of inclination, to determine the section.” 

The French and Italian Engineers have invariably adopted Eytelwein’s formula, to 
ascertain this section, which is as follows : 

■■ 

D cos. <|>=:0*00717 2 j+ 0-000024 w ; 

B represeniing the product of the section of the water-course by the wet contour ; 

cos. <^), the cosine of the angle formed by the inclination of the bed from the 
.vertical;- 

5 ^, the accelerating force of gravity ; 

tt, the mean velocity. 

This formula will suffice for almost all the cases which can arise in practice; for 
although in it the width only is sought, yet as in most cases the height is given, the 
width is in fact the only unknown element. We may in some cases substitute the 

h X 

expression I) ia which A— the height,* and x, the width sought; and 

Q 

u ^ in which Q=the volume to be discharged. 


. * Itil'to’bfe obs^ed, that in all canals intended for the dotible purpose of irrigation and 
navigation, tha neoessaadly fixed by the dimensions of the boats employed. 
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The form'ula hecomes after these suhstitutions, and, as in the preceding case, snp- 
posing the movement to be nnifonn, 



rt 165Q\ aQ2 

Cos. — - 4SQ=0, 

a= 0*00717, and 6 — 0*000024 ; these are introdnced to avoid confusion in writing 
the equation, 

A much more convenient formula is, however, given hy Tadini, and adopted by 
l^adault de Bufon. It is, 

0*0004 Q2::- QQg^ ^ ^2 ;^3. or Qs=60i A v'XcosT^. 

In this, the inclination is represented, as before, by cos, ^ ; Z—the mean width of 
the channel; 6,=;= the height; and Q=sthe quantity to be discharged per second. 

In arranging the dimensions of the feeder, however, it must not be forgotten, that 
there are numerous causes in operation by which the effective quantity of water distri* 
bated over the land is diminished ; amongst the principal may he cited the loss arising 
from evaporation and filtration, and that arising from the defective state of the 
sluices or other works. In the Milanese, where the canals are formed in an illuvial 
soil, resting upon beds of sand and gravel, and where, from the warmth of the climate, 
the evaporation must be great, the loss from these causes has been ascertained to be 
about 15 per cent. (See article ‘ River and Inland Navigation,’) 

In warm climates an additional allowance is required to be made to compensate 
for the extraordinary rapidity with which the aquatic plants increase. Indeed, in 
Italy, notwithstanding the legal obligation to cut them twice in the season, it is often 
found that in the latter parts of the summer, at least half the section of the canal is 
occupied by them. The peculiar growth of the fresh-water algae in long festoons also 
appears to influence the flow of the water to a greater extent than the space occupied 
would account for. In Lombardy tbe augmentation of the section required to obviate 
this inconvenience is sometimes as much as from ^ to J of the normal section; but, of 
course, no absolute rule can be assigned. * ? 

In England it is rarely necessary to measure the quantity of water distributed to 
the different landowners, but in warmer climates this becomes a matter of vital 
importance in the economical results of irrigation. Weshall have occasion to revert to 
this question of gauges, but in the mean time it may suffice to observe that their esta- 
blishment requires that the minimum height of the channel he fixed at three feet. In 
practice, the Italian engineers make the mean widths of the canals one and a half 
times the depth, unless there be some exceptional conditions in the particular case. 

The land springs met with in forming the different channels may very frequently 
become of great importance, and they should therefore be diverted to the purposes 
of irrigation on all occasions upon which they may be found to be of a temperature 
and of a composition suitable for the purpose'. 

The rules above given for the calculation of the dimensions of the feeders are only 
applicable for those portions of the length within which no distribution takes place : 
as the smaller distributing channels draw off the water, it must he evident that the 
dimensions of the main channel should decrease. 

When the main channel is designed for the purposes of navigation conjointly with 
irrigation, the section must be modified so as to insure the volume of water necessary 
for the two services : in such cases it is indispensable to provide a sufficient quantity 
to compensate for the lockage, in addition to that distributed upon the land, and this 
quantity will be ascertained in the manner employed in similar calculations for canals. 
The Naviglio Grrande, and the Martesana, in the Milanese, present a peculiar arrange- 
ment, which, however, may often recur, viz. the canals terminate in a basin which 
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receives tTie lockage water of tke upper reaehes, aud tUe distribution for irrigation 
and for mills takes place from the basin. Evidently, in these cases, the section of the 
irrigation channel is to be calculated upon the principles already described. 

The discharging channels perform a part in the irrigation of a district precisely the 
reverse to that of the feeders, and their sections must therefore be also precisely in a 
different proportion. 

Other Conditions,— setting out the main channels, it is important to make the 
radius of curvature of the changes of direction as large as possible, to avoid any 
interference with the discharge, or any destructive action upon the banks. It should 
never be less than from 100 to 150 yards in tbe most unfavourable positions. 

The height of the banks above tbe water-line need not necessarily be more than 
from six to eight inches when the supply is oonstaut. The rapid growth of aquatic 
plants, however, renders it advisable to augment this dimension to about from 16 to 
18 inches. When the canal is also to be navigated, it is advisable to increase this 
height, in order to guard against the wave of displacement occasioned by the boat. 

In fixing the slope of the banks, the twofold object of economy in the first instance, 
and of the minimum outlay for maintenance in the second, is to he observed. When 
the channel is cut in a hard retentive rock, it must be evident that the proper section 
is one approaching a rectangle. In any other kind of soil the angle of inclination of 
the hanks must vary with the degree of its powers of resistance. 

The reader is referred to the article upon ‘River and Inland Navigation’ for the 
other details respecting the earth- works connected with canals, which apply equally 
to those for the purpose of irrigation as for navigation. 

It is advisable to form a pathway on the two sides of the main channel, to allow of 
its being visited, and of the deposition of the mud, &c. withdrawn from the bed at the 
regular periods of cleansing. These pathways should he made with a width of from 
2 to 3 feet. The operation of cleansing, to which we have alluded, is not one of great 
importance in England,— at least comparatively j but in Southern Eurof)e it requires 
to he executed at least twice a year, and during the whole period of its execution it 
has been found advisable to run off all the water from the channels. It therefore 
becomes necessary, in similar positions, to construct such lock-gates or sluices as to 
allow of diverting the stream. 

Reservoirs, — When the flood-waters stored in reservoirs are to he employed for 
irrigation, the determination of the dimension of the sluices and the form of the 
channel, require considerable care. The discharge by any opening is liable to so much 
uncertainty, even when the conditions of the head remain constant, that very little 
reliance can he placed upon the accuracy of the formulse universally adopted to ascer- 
tain it. As the level of the water in a reservoir must necessarily vary, an additional 
and very serious complication is introduced. Without, therefore, protending to lay 
down any absolute rule, it appears that the wisest course to adopt would he to calcu- 
late the dimensions of the opening, upon the supposition of the least possible head, 
because by merely lowering tbe sluice tbe opening can be contracted. In many 
cases the self-acting sluices used upon the Greenock Water- works might he advan- 
tageously employed. 

In calculating the quantity discharged by an orifice, the usual formula is given by 
Navier as follows 

Q = mS V2^H ; 

in which S == the area of orifice ; Q = the quantity ; m ~ the coefficient of contrac- 
tion ; xeloeitf impressed upon a falling body at the end of the first second of 

its fall y — the height head upon the centre of the opening. The value of w. 
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for a single slniee, may be taken at 0*625 if near the bottom ; when there are two 
•sluices near one anobber, m becomes = 0*565. The disturbing effect of two sluices 
is perceptible wben they are even so muck as 10 feet apart. 

Should the water in the reservoir arrive with any velocity at the opening, the 
formula becomes 

Q = m S V 2 ^ H + j 

in wHcb % == the velocity of the water leaving the reservoir. 

If the outer opening of the sluice be submerged, it becomes 

Q = m S V 2 ^ (H — A) ; 

in wMcb A = the bead upon the outside, supposing the water to have no initial 
velocity : of course, should this exist, it must he taken into account as befoi’e. 

The construction of the reservoirs themselves has been already alluded to, and 
indeed it is in all cases precisely analogous to that of canal reservoirs described in the 
article upon ‘ River and Inland Kavigation.* 

In addition to the formulse previously given for the [purpose of ascertaining the 
dimensions of the works, the following may be found convenient in practice. For 
regular channels, in which the inclination, sectional area, and wet contour can be 
easily ascertained, the volume may be found by the aid of the formula, 

Q = S ( 2736 - 0-0332) 

in which the same notation is observed as before, and c = the wet contour in yards. 
In small streams, the most accurate mode of gauging appears to be by creating a 
reach of still water, and allowing it to flow over a notch-board as soon as the velocity 
has been checked. The formula for calculating the quantity becomes 

Q== mLH \/¥^ 


in wbich L =» the length of the notch,* H == the height of the mean level of the 
reservoir above the bottom of the notch ; m is a coefficient which is usually taken at 
0-405.'': 

To ascertain the velocity of a stream many systems have been employed, but the 
most satisfactory appears to be the hydrometrie mill of Wattmann, represented in 
most works on hydraulics. The mean velocity is calculated from the partial velocities, 
thus obtained by the formulae given in page 259, article ‘ River Navigation.’ 

Qauges.-^ln England, the supply of water, as said before, is usually so copious in 
all the valleys where irrigation is carried into effect, that the quantity distributed to 
any proportion of tbe land ceases to be worthy of calculation. In warmer climates, 
or when the preliminary expense of procuring the water has been considerable, the 
economical value becomes, however, so much enhanced that it is a matter of primary 
importance to ascertain the quantity distributed to the respective recipients. There 
are, indeed, few countries so favourably situated as to dispense with these means 
of regulating the distribution ; and it may be taken as an axiom, that in dry climates 
no distribution of ixiigation waters should take place vj'ithout the intervention of a 
complete system of gauging. The question has been most carefully studied by tbe 
Engineers of Northern Italy; some of the gauges employed by them are described 
below, and by Colonel Baird Smith in his work on ‘ Italian Irrigation.’ 

The investigations of the Italian Engineers connected with the sulject of gauges 
have led to the establishment of some laws of hydrodynamics of the highest interest. 
Thus, it was ascertained that in a vase divided into two portions by a diaphragm, 
susceptible of being moved vertically and with a discharging orifice on one side, a 
VOL. Ill* 3 A 
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constant difference of level existed ; and that this difference was greater in proportion 
as the opening of the diaphragm was less, compared to that of the orifice (see fig. 9), 
If, instead of preserving in the vase a uniform level, it were allowed to vary in either 
direction, the corresponding variations of the two sides of the diaphragm eontinned 
to he always proportional with the respective differences of level first established. 
That is to say, if the relative- heights were originally as 3 to 1, a rise of 30 inches in 
the first vase would only cause a rise of 10 inches in the second. 

This principle is not modified by the introduction of two or more diaphragms, as 
in fig, 10, The same ratio is observed between the variations of level and the primi- 
tive heights of the water in the first and last compartment, notwithstanding the 
addition of any number of diaphragms, which, in fact, should only count for one. 

Fig. 9. Fig. 10. 


constant head above the orifice which is necessary to insure the regularity of the 
flow. By simply raising or depressing it the requisite conditions are obtained, and 
it would be possible so to construct the sluice that it should be self-regulating. At 
any rate, inasmuch as it is found that the level of the upper reservoir may vai'y con- 
siderably without seriously affecting that of the intermediate one, for most practical 
purposes, a gauge established upon the above principles, with a sluice moved by hand, 
may be considered as sufficiently accurate. 

The gauge used in the Milanese canals is the most in accordance with the principles 
above stated, and as it were mneh to be desired that its use should he extended in all 
Fig. 12. cases where irrigation is employed, 

a description of it is subjoined, 

^ suremeiit of water Is called an 
omoey ^ l^oncia d- ac^u^ 
the quantity which flows through 
a rectangular orifice 8 inches high 
and fl inches wide, under a con- 
stant pressure of 4 inohes above 
orifice,; as ' In, figi": 12.; 

a single ounce, the width 


Now, if we suppose that the first portion of the reservoir he a canal and the 
diaphragm a sluice, and the distributing channel perform the functions of the oxufice, 
it may easily be perceived that it is possible, by means of this sluice, to maintain the 

. Fig.lL 
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The conductor is formed upon the banka of the canal by means of wing- walls of 
masonry, and the sill is usually placed at the bottom line. If the ground be suscep- 
tible of being carried away, the portion exposed to the wash of the water is to be 
paved. The opening ah, fig. 15, of the conductor is made ec^ual in width to the 
orifice of discharge, jp §, but the height is not limited. 

Eig.l4. '■ 


In such canals as have a constant flow, it is usual to place a stop upon the sluice, 
but iu those exposed to Tariatipns of volume tie stop would be more likely to bo 
prejudicial than to be of use. 

The rectangular apace c c, ddf fig. 15, is made about 20 feet in length, and 10 inches 
on each side wider than the orifice. The bottom is laid with an incline of 16 inches 
in the length, rising towards the orifice, gh. At the level cd (in fig. 14) is a 
flooring, placed for the double purpose of preventing the water from rising beyond 
the prescribed beigbt and to control any movement or agitation on its surface. T he 
entry of this covered portion of the gauge is formed hy a stone lintel, the under-side 
of which is exactly level with the top of the orifice, and consequently 4 inches hclow 
the surface of the water. As the height of the orifice is always 8 inches, and the 
inclined plane 16 inches, the under-side of this lintel is consequently 2 feet above the 
sill of the sluice. A small space is left between the sluice and the covered chamber, 
for the purpose of verifying whether the requisite head of water exists upon the 
orifice. 


only is modified : all the other conditions are carefully mamtained, so that the head 
never exceeds 4 inches. The orifices of discharge are formed of stone, which is 
selected of the hardest nature that can be procured ; occasionally also the margin is 
formed of wrought or cast iron. They are cut square, without any bevel, or the 
addition of any funnel capable of facilitating the discharge. There are no prescrip- 
tions with respect to the thickness, which depends necessarily upon the length of the 
orifice 5 and this latter consideration also has led to the custom of not making the 
orifices larger than for six ounces each; when a greater quantity of water is to be 
supplied, the number of the orifices alone is augmented. 


Orifice for 12 ounces. 


Orifice for 27 otmces. 


3a2 





716 WATEE MEADOWS, OR lEElGATlON. 


Immediately beyond tlie orifice is tbe tail obamber, wMcb is made 4incbes on 
each side wider than the opening; its length is usually 18 feet, and at the further 
extremity its width is made 6 inches on each side wider than at the commencement ; 
or, in all, it is 20 inches wider than the orifice. A small drip of 2 inches is formed 
at the commencement of the tail bay, and an inclination of 2 inches is given from 
this to the extremity, tu or X’m, figs. 14 and 15. 

Gauges of this description require a minimum difference of 8 inches between the 
level of the water in the canal and the constant level of the water in the covered 
chamber. They can, therefore, only be fixed upon canals with a depth of about 
3 feet. In execution, the longitudinal dimensions are not rigorously enforced ; but 
the width, and nearly always the inclinations and the relative heights of the openings, 
are executed in exact accordance with those above described. 

The gauge we are considering, although unquestionably the most perfect hitherto 
employed, is still far from fulfilling all the conditions theoretically required. Thus, 
a notable difference exists in the quantity of water discharged hy large or small 
orifices, to the extent that with six orifices of one ounce each the discharge would 
only be, when compared to that from a single orifice of six ounces, as 222 to 282. In 
warm countries the difference would be serious ; and the Piedmontese and Milanese 
engineers have lately tried to obviate it by prescribing that no orifice be made larger 
than six ounces, or 3 feet in width. The difference in the discharge is easily explained 
by the difference in the proportion the perimeter bears to the sectional area, which 
evidently is less when the orifice is large than when it is small. 

Sluices and Oversows , — The conditions to he observed in the construction of these 
works are, that they should afford an effectual guarantee against floods, or any 
sudden rise of the water in the channel. They should be as permanently constructed 
as possible, and able to be worked easily. . 

In most countries the dimensions of the bottom sluices are arbitrary, and they 
vary from 5 to 7 feet in width in many instances. They are worked either by wheel 
and pinion, hy screws, or by long levers working in holes formed on the upright bar 
in the centre of the sluice. In the Milanese provinces, however, the dimensions are 
uniform, and when the height of water does not exceed from 5 to 6 feet, the width 
is never more than 1 foot IO 4 inches. Should the depth be greater, the upper 
portion, for a height of from 1 foot to 1 foot 6 inches, is made separately moveable by 


! 
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banks; but in countries like the neighbourhood of Milan, the use of water is so 
continual, that it rarely happens that this mere superficial overflow can suffice. 


Fig. ir. 



I The slaices used in the Milanese provinces have an upright rod upon which 

notches are formed ; and the guardian of the canal, or the water-bailiff, carries a short 
lever by means of which he raises up the sluice. Two or three seconds suffice to 
procure an opening which, with the head of water existing upon the upper side, 
produces a very rapid effect upon the water. (See fig. 20.) 

With respect to the fixed overflows little need be said, because they differ in no 
respect from those established upon canals or the leading channels of a inilL It is, 
however, of the utmost importance that such works should he established if the 
source from which the feeder derive its supply be exposed to sudden variations, in its 
i volume. 
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Junctions wiih the main st^'cam * — Unless there exist some yerj excex)tional cir- 
cumstances owing to the torrential nature of the stream, and particularly to the 
instability of the bed, the system usually preferred is to establish a dam across the 
current of considerable length, and placed in an oblique direction. It appears 
adyisable, under any circumstances, to provide overflows of sufficient dimensions to 
carry off any flood likely to come down from the up-lands, in order to protect the 
channel formed for the purposes of irrigation. In the junctions constructed of late 
years it is also customary to place look-gates or sluices, with the double object of 
regulating the quantity of water to be introduced, and of isolating the canal from 
the river during the annual repairs or operations for cleansing, the bed. 

The nature of the dam must depend upon local circumstances to such an extent 
that it is impossible to lay down any absolute or invariable rules. In these matters 
local experience will be the best guide ; but whether the dam be composed of stone, 
of earth, of wood frame- work, or of fascines, the foundations, and the means of 
protecting them from the tendency to overthrow exerted by the stream, must be the 
most important objects to be considered. The oblique direction of the dams is to be 
accounted for by the necessity for obviating the destructive action of the current as 
economically as possible : for firstly, the shock of the water upon them must be to a 
great extent lessened ; and, moreover, as the stream of water flowing over the crown 
must be less than if the whole volume fell over a dam placed directly across the 
stream, not only in its height but in its action, the foundations are less exposed to be 
undermined, If these motives did not exist there would be an evident advantage in 
making the dam perpendicular to the direction of the stream. 

Bridges, Aqueducts and Syphons . — These works do not present any distinctive 
characteristics from those connected with navigable canals, excepting, perhaps, that 
in order to retain all the velocity of the water, the courses require to be made as 
straight as possible : the aqueducts therefore are more often executed on the skew 
than in canals. It may be taken as a rule, that bridges upon irrigation works should 
be executed in masonry rather than in wood, to avoid the repairs inseparable from 
the latter, especially in such positions. 

With respect to syphons, the principal remark to be made is, that every angle or 
sudden interruption in the line of flow is likely to become a source of diminished 
velocity. Wherever possible, then, cast-iron pipes should he used, because they 
admit of the curves being made more easy, and at the same time this material resists 
more effectually the outward thrust of the water. To combat the latter effort it is 
often necessary to bind together the whole of the materials in the arch or syphon* 
All these works require to he executed with the best materials and in the most 
permanent manner. 

Zocifcs.—The locks constructed upon canals for the double purpose of navigation 
and of irrigation, present, as we before said, this peculiarity, that they require, in 
the first place, a chamber of the dimensions necessary for the passage of the boats ; 
and in the second, a passage for the purpose of transmitting from the upper to the 
lower chamber the volume of water only. The former do not require any details of 
execution different from locks upon ordinary canals j the latter are usually regulated 
by means of sluices. 

G-enerally speaking, the fall in these positions is sufficient to justify the establish'^ 
ment of water-mills, either for the purpose of raising the water to a higher level, so 
as to irrigate a wider district, or of performing many of the common farming operations, 
such as threshing, winnowing, &c. In all cases, therefore, where the full benefit of 
the water power is obtained, such works are established. An example from the 
canal of Pavia is subjoined, although in this case the fall, is not used. By the 
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difference in tlie level of tRe water in the two cRamlDers, and by means of some 
conduits placed in tRe side walls, tRe boats are enabled to descend very quickly. 

The principal precaution to be observed in the construction of these conduits is 
that their foundations be made sufficiently strong to be able to resist the current of 
water passing through them : their direction, whether at right angles or obliquely, 
to the stream, is a matter of no importance, unless the water they discharge he likely 
to interfere with the tail waters of the mill which may be erected near the lock. 
Gates hung upon a vertical axis, a little beyond the centre, and working in a frame 
witha rebate partly upon the upper, partly upon the lower side, appear to be the 
readiest means of closing these sluices, / 


Fig. 21. 



In Lombardy, water is often obtained from wells for the purposes of iiiigation. 
The reader is referred to the different authors who have treated upon this subject for 
the principles which must guide the operations for seeking the springs. When these 
are found at a convenient level, their distribution must take place in the same 
manner as before. 

Should the level of the water in such wells, or in any natural source from which 
it is proposed to be derived, be considerably below that of the laud to be irrigated, it 
becomes necessary to employ artificial means of raising it, or to create some method 
of securing the supply by means of reservoirs. Unquestionably the latter mode 
would be the most economical, did local circumstances favour their construction, but 
the^ configuration of country requii*ed is not always to be met with, especially in 
positions where the soil is most adapted for irrigation. To construct a reservoir 
economically it is necessary that a valley should exist, the mouth of which is nearly 
closed by projecting spurs of the hills. The subsoil must also be of a homogeneous, 
retentive character, and of a nature to allow the construction of the works connected 
with the dams, without any fear of their being undermined. These conditions are 
rarely to be met with, excepting in mountainous districts, and these are ordinarily at 
too great distances from the alluvial plains most fitted for the cultivation of grass, or 
leguminous plants, which are those most likely to be benefited by the application of 
water. If, however, it be possible to form a reservoir, even at considerable expense, 
that coui’se should be adopted ; because, firstly, that mode of i>rocuring water obviates 
the necessity for constantly providing a motive power, and secondly, the water 
by b^g stored becomes more fitted for agricultural purposes. Indeed, as the 
supplies am derived entirely from rain falling upon the up-lands, the temperature of 
the water more nearly approach that of the ground, and they must also contain 
the soluble matters the latter may be able to impart. The dangers from 
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infiltration and evaporation attending tlie use ot reservoirs Rave been already 
mentioned in the article on Inland Navigation, sect. * ‘canals.” 

The formation of an irrigation canal, deriving its supplies from a river at a high 
point in its course, affords the means of applying tbe process upon the largest and 
most efficient scale, and must necessarily be the metbod most commonly adopted, 
i For the upper lands, situated above the flow of the stream, the choice of the mode of 

I raising the water must be regulated by local circumstances, not only of position, but 

of use. Thus, if the lands to be irrigated be devoted to market-gardening, animal 
power may be employed, and the simplest machines are to be preferred, because the 
cheapness of their first establishment, and the facility with which they can be 
repaired, place them within the reach of eyerybody. 

For agricultural operations on a large scale, however, it often hecomes necessary to 
resort to more powerful means of action, and the 'modes which are usually adopted 
are to employ the motive power either of water, of wind, or of steam. 

If a sufficient fall, possessing the requisite conditions of regularity, exist, it will 
■ usually he found preferable to employ it, because the power would thus be obtained 
at a far less cost than if steam be used, and it would also be more regular in its effect 
than that produced by a wind-mill. As to the particular system of wheel to be 
j employed, that must depend upon so many considerations, that it would he useless to 

attempt to lay down any general rule. The simplest are the best, for in the country 
the class of workmen able to repair the more complicated ones are rare, and it is 
certainly desirable that no machines should be used upon a farm but such as the 
village smith or carpenter could repair. 

If the water-fall he small, the quantity raised must he also limited, and it may per- 
haps, under such circumstances, be necessary to combine a system of reservoirs with 
the other machinery, in order to store the water raised during the intervals of its being 
employed upon the land. If the fall he great, there must necessarily exist a consider- 
able inclination of the bed of the river, and it would usually he preferable to make a 
i branch canal at a higher level. Such powerful water-falls are rarely neglected, how- 

ever, by manufacturers, and as they are more valuable for such purposes than for 
irrigation, it is by no means desirable that they should be used for the latter. It 
appears probable that hanging wheels upon boats fixed in the stream, or iuibines, 
might occasionally be used with advantage. 

Wind affords a source of power such as we may call gratuitous, but unfortunately 
it cannot he controlled, so that if it be applied for raising water for irrigation, there 
might he an abundant supply when not wanted, and none when there was the greatest 
necessity for it. If this motive power be resorted to, it becomes indispensable to con- 
struct large reservoirs ; but the expense of establishing and maintaining these, and of 
eeping the engine and machinex’y in repair, would exceed that of establishing and 
maintaining a system of reservoirs for storing rain water. In drainage operations 
these remarks do not apply, because the precise period at which the water is I’emoved 
is hut of little importance, and the action of the wind possesses sufficient regularity 
i r this purpose, if the whole year he considered. 

i Steam engines are far too expensive to allow of their being employed, unless in 

such neighbourhoods as furnish the skilled labour their repairs must require, and 
unless the district to be irrigated be of sufficient importance to warrant the constant 
employment of a staff of workmen able to keep the machinery in an efficient state. 
The price of coals must also materially affect the question as to the application of this 
mode of raising water. The construction of reservoirs appears to he advisable in this 
case as in others, and to give rise to considerable economy, by rendering the work 
more constant, and thus enabling smaller engines to perform it. 
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Wlieu tlie sotprce of power shall have been decided upon, there still, remains the 
equally important question of the description of machinery to be employed in actually 
lifting the water. 

SECTION II. — MACHINES FOR RAISING WATER. 

CPhe machines employed for the purpose of raising water for irrigation have hitherto 
been entirely confined to the following : 

1. Pumps ; 2. Archimedean Screw ; 3. Machines with buckets, such as the noria, 
chain-pumps, &c. ; 4, Wheels, either with buckets, or ■water-ways upon the frame 
itself ; 5. Miscellaneous Machines. 

' , ■■ . 1 . Piimps. 

When the quantity of water to be raised, and the elevation to which it is desired to 
raise it, are considerable, pumps are the machines at present considered tq be the most 
economical. 

A pump consists of a hollow cylinder, in which the piston moves alternately up and 
down, in two pipes, one above the piston, called the ascending pipe, and the other 
below, called the suction-pipe ; and lastly, in a series of clacks. 

The cylinder is hollow and circular in the greater number of instances, although 
quadrangular and polygonal pumps are occasionally used. It may be of wood or of 
metal ; but the former material wears away too rapidly for works destined to be used 
for any length of time. It is, therefore, almost exclusively confined to agricultural 
purposes ; cast iron, or brass, are more generally employed ; but of whatever material 
the cylinder be made, it is essential that it should be pei’fectly true in its bore. 

The power of a pump depends upon the interior diameter of the oylmder. It is 
considered small if this diameter be less than 4 to 5 inches; large when it exceeds 
1 foot ; the largest rarely exceeds 1 foot 4 inches, although occasionally the diameter 
is made 2 feet. 

The length of the cylinder should but little exceed that of the stroke of the piston. 
The piston itself is the most important part of the machinery of a pump, and the 
one which has received the greatest number of modifications. If the piston raise the 
water during its ascent or descent only, the action is said to be single ; if, on the con- 
trary, it raise the water by both motions, the action is said to he double. When the 
piston works entirely above the level of the water in the well, the pump is called a 
suction’-p-umg ; & rising-pump is one by which water is lifted during the up-stroke of 
the piston ; a/prcm^f-pump is one by which it is lifted during the down-stroke. A 
doubU’acting pump is, therefore, both a rising and a forcing pump. 

The piston is very frequently nothing more than a piece of wood, usually of horn- 
beam, which it is advisable to soak for some time in boiling oil ; but for pumps of any 
importance it should be either of iron or of brass. The packing is sometimes of 
leather soaked in oil or tallow, and is fastened to the top of the wood in ordinary 
pumps ; the diameter of this packing is rather greater than that of the piston itself, 
so that it forms a species of cup upon the top with a flexible contour, which is pressed 
against the sides of the cylinder by the weight of the water. 

At other times the packing consists of two fillets of leather, kept in their positions 
at the top and bottom of the piston by two brass rings; the space between these fiUets 
is packed with hempen cord, well tallowed, which projects a little, and works against 
■^e inner bore of the cylinder. 

0^-iron pistons are often used, with an exterior packing of hemp or of leather. 
A projec'tion at the bottom and a ring at the top, susceptible of being moved by a 
screw, presf packing against the inner bore. But the difficulty of turning the 
cylinders perfectly truei^ and the, imperfections of the pistons described, have fre- 
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queiitly led to the adoptioD of the j^Z'wn^er-pump. This consists of a piston of brass, 
solid or hollow, of a length a little in excess of its strobe, and of a diameter about 



4 or I of an inch less than that of the cylinder, also of brass. The piston works in a 


stuffing-box, and in descending it displaces a certain quantity 
of water, which is forced by this means into the ascending 
pipe, and when the piston rises it forms a vacuum. 

A single-acting pump requires two clacks— one is placed upon 
the suction-pipe, the other upon the rising-pipe. Sometimes one 
of these clacks is placed upon the piston itself, which, in this 
case, is pierced for an orifice suited to the passage of the 
water, A double-acting pump has four fixed clacks, but none 
upon the piston. In order to facilitate the examination and 
repair of these clacks, the pipes are enlarged near their seats. 

Clacks, or valves, are of two sorts— spindle valves, and com- 
mon valves with hinges. The first are sometimes nothing more 
than truncated cones of small height, which enter and fit 
closely into the aperture they are intended to shut^ they are 
traversed hy a spindle to which they are fastened, and which 
serves to guide them in their motions. The common valves 
are usually nothing more than circles of greased leather attached 
to the aperture they are intended to close by a hand of leather 
forming the hinge. Frequently a sheet of lead is fastened to 
the top of the leather to keep it flat, and to give it sufficient 
weight. When greater perfection is required, the leather is 
placed between two discs of metal ; the one above the opening 
being rather larger than the aperture, tbe one below smallei*. 


Fig, T. 
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In large pumps tlie valves are of b3^ss, sometimes J an incli thick, working upon 
Hnges ; but it is not advisable to use suck valves when the waters to be raised contain 
any solid matters, for a very little sand would seriously interfere with tkeir action. 

Eigs. 8 and 9.— Common Valves. 


but it must also reach 


Whatever be the material adopted, the exterior surface of the valve must be made as 
nearly as possible of the same dimension as the opening, because any excess of circum- 
ference increases the resistance. 

The suction and ascension pipes need not be turned. Their diameter is generally 
less than that of the pump-barrel, and is usually made about two-thirds. 


Fig. 10.— Spindle Valve. 


If the piston made a perfect vacuum, 
the water would be raised iu the suction- 
pipe to a height of between 32 and 83 
feet above the water level ia the well, or 
to a height sufficient to balance the 
atmospheric pressure at the point where 
the pump is placed, whatever may be the 
diameter of the pipes or their inclination. 
But in practice, when the piston is at 
the bottom of its stroke, the pressure of 
the air occupying the space between the 
piston and the suction -valve being, with- 
out taking into account the weight of the 
valve, equal to the atmospheric pressure 
when the piston arrives at the head of its 
stroke, this pressure becomes 


H — in which 

■ Q + q,' ■ ■ 

H = atmospheric pressure, 

q = volume of air between the piston and valves at bottom of stroke, 

Q — volume produced by the piston in one up-stx*oke, 

Q + g rs volume occupied by the air when the piston is at the top. . 

In order, then, that after a certain number of strokes the pump may draw, it is 
that the maximum height of the valve above the water designated by ir, and 
weight of the valve, should be 
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tlie highest point of the stroke of the piston* Instead of the theoretical height aboTe 
giyen, it is rarely found that in practice it ever exceeds 29 feet, and the maximum 
average is usually from 26 to 28 feet. The height of the suction-pipe itself is rarely 
made more than from 17 to 23 feet. 

* For more detailed information upon the principles affecting the construction and the 
action of pumps, the reader is referred to D’Auhuisson’s Traitd d’Hydraulique, or to 
the Tracts upon Hydraulics, Hydrostatics, and Pneumatics, published by the Society 
for the Diffusion of TJseM Knowledge. 

2. ArcMmedean Screw, 

This machine appears to have been used in very remote antiq.uity, nearly in the 
form adopted at the present day. It is of great service in raising water from positions 
where the difference of level is not considerable. 

If upon the surface of a cylinder a helix of several convolutions or wheels be traced, 
and if, in a groove cut according to this curve, small planks of the same height be 
placed side by side in close contact, their combination will form the thread of a screw 
with a great projection and of a nniform thickness ; and if the whole be then enclosed 
in a solid envelope, the machine will form an Archimedean serew. 

In common screws, three equidistant threads are placed, forming the channels ; the 
diameter of the thread, which foi'ms necessarily that of the enclosing case, varies from 
13 to 26 inches, the central shaft occupying about |rd of the diameter ; and the 
length of the screw is from 12 to 18 times its diameter. The angle which the thread 
forms with the axis has been frequently modified in practice. The ancient Eomans 
made it 45® ; in the South of France, as in Holland, it is made about 54® ; the engineers- 
of Paris make it 60® ; and Eytelwein, in some of Ms experiments, carried it to 78®. 
At the upper end of the axis is a winch or crank, and at the lower is the pivot upon 
which the screw turns. Large screws are made even 6 feet 6 inches diameter. 

If such a machine be set to work upon a body of water, giving to the axis an 
inclination less than that of the thread upon the axis, — that is to say, giving the 
latter an inclination of from 80® to 45®,— and if a rotatory movement be communi- 
cated in a direction opposed to that of the threads, the lower orifices of the channels 
in passing through the water will take up a certain quantity, which will pass from 
spire to spire and flow out at the top. 

Experiments made by M. Lamand6 shew that a good screw, of the following dimen- 
sions, is capable of producing the results indicated below • 

Length of screw . , . . • • . 15 feet 2 inches. 

Exterior diameter , . . . . . . 1 foot 7f inches. 

Inclination of the screw to the horizon . . . 35 degrees. 

Number of revolutions in a minute . . . . 40 ,, 

Height to which the water was raised . • • 10 feet 9 inches. 

Quantity raised per hour . . . . * . 45 tons* 

The useful effect produced by a man working eight hours per day with such a screw 
would be about 50 tons raised 1 foot high per hour. It is to he observed, that in 
closed screws it is necessary that the water-line in the well should stand a little abovo 
the centre of the base of the shaft, without completely: immersing it. 

Such closed screws could not be of service for raising water from a well in which 
the -water-line varied. In Holland and Germany this inconvenience is remedied by 
substituting for the outer cylinder a fixed semicircular channel. By this means also 
the weight of the outer cylinder and of the water does not bear upon the gudgeons nor 
upon the shaft, but it is necessary to work the machine with considerable velocity in 
order to prevent any serious loss of water between the spiral arms and the bottom 
channel. 




long, measured from the axis of rotation, and tliey lift the water to a height of about 
15 feet. If the point of discharge should happen to he above that height, two or 
more sets of wind-mills are required, the lower ones pumping the water into inter- 
mediate cisterns, from which it is subsequently raised into the discharging channel, 
wind-mills cost on the average about 26,000 florins, or £2080 each, and they 
can raise 86, 400 tons of water per day on the average, but they only work effectively 
60 days per annum. 

The useful effect of an Archimedean screw is stated by Morin to be 0*75 ot the 
power employed. 

A French engineer, M. Pattu, in the year 1815 proposed a modification of the 
screw, consisting in the application of two separate threads on the same axis, one 
being long and narrow, and the other short and wide. This combination might he 
rendered serviceable in cases where a fall of water of considerable volume, by setting 

motion the shorter screw, might raise the w’ater to a higher level, or where a small 
stream falling from a great height might furnish sufficient power to raise the water to 
some intermediate point ; or again, in other cases where a short fall existed above 
the desired point. 

A set of screws worked by steam have been erected to make good the waste of 
water by lockage upon the canal of the Sambre and the Meuse, They are four 
in number, with a total lift of 21 feet 10 inches, and are open, with a diameter of 
5 feet 4 inches. The shaft is of oak, 4 inches diameter, and the blades are 1 inch 
thick. The generating line of the inner thread is inclined to the axis at an angle of 
that of the outer thread at an angle of 72"^, the inclination to the horizon being 
. The play of the screw in the trough is 2 inches, and the machine makes from 
40 to 45 turns in a minute, with a depth of 3 feet 4 inches of water in the well. The 
screws is to raise 1 ton of water 3 feet 6 inches high per second, for a 
of steam engine and all machinery of about £1700, 


; V . . 3. MacMnes with Buckets. 

; These oonsist of buckets, swapes, scoops, norias, chain-pumps, and the various 


that a man can only exercise a useful effect 


In Holland the screws are worked by wind-naills, and they serve to drain the 
polders and marshes : but it must he evident that the same means could he applied 
to raise water for irrigation. The Dutch mills have usually sweeps about 40 feet 

Fig. 11. 
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form it bears in tbe hieroglyphios. Fig. 12 represents a similar maobme used near 
Genoa and Savona, and similar rustic implements may be seen in the market-gardens 
near London. 

When the water is very deep in a well, and the use of buckets by hand becomes 
impossible, they are let down to the water by means of a rope or chain. The most 
tinfavourable conditions for the workman so employed are when the bucket is 
lowered simply by hand, because the whole effort is upwards, and the weight of the 
cord is, in fact, so much useless additional weight. The best manaer of raising water 
by ordinary buckets is to fasten the centre of the cord to the drum of a windlass, 
leaving the two halves to wind upon it in opposite directions. Navier considered 
that a man working the handle of such a windlass was able to produce a useful effect 
of 68| tons raised 1 foot high in an hour, and to work 8 hours per day. 

Hand-scoops are rarely used for the purpose of raising water when the depth of the 
lower reservoir, below the point of discharge, is more than from 2 to 4 feet. 

The Dutch scoop, represented hy the accompanying sketch, Ho. 13, is one of the 
most effectual, and Belidor even states, that with one of these machines the useful 
effect of a man’s labour, working 8 hours per day, is equal to 6(> tons raised 1 foot 
high per hour. This result seems, however, to be too favourable. 

The machine represented by fig. 1 4 is slightly modified from one described by 
Belidor, in order to render it more susceptible of removal. It may easily be under- 
stood that it is worked by two men, and that when they lower the trough, which 
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equal to about the fifth part of what he ought to exercise under advantageous circum- 
stances. This mode is therefore rarely resorted to, unless the work to be performed 
requires to be executed immediately, and is not likely to be of great duration. 

When the quantity to he raised is small, and the depth of the water below the 
point of discharge not more than between 15 and 20 feet, and the operation is only 
required during two or three hours of the day, it is frequently advantageous to use 
buckets fastened to a balance-pole. The lever, or pole, is supported upon a post, and 
carries at the opposite end a counterpoise to the load, so that the greatest effort of the 
workman is required to lower the empty bucket. In this manner a man accustomed 
to the labour can raise about 20 tons in an hour. The swape is a machine founded 
upon this principle, and it has been in use in the East from the earliest periods of 
civilisation ; even at the present day it is retained in Egypt and in India in the same 


Fig. 12 


'f 



employed is absorbed in raising the trough (which must be of a considerable weight), 
at the same time with the water. This objection is, to a certain extent, obviated by 
the troughs being made double, and so disposed as that one side should balance the 
—in fact, by disposing the weight of the machine so that the weight of the water 
alone should be raised. Four men are usually retjuired to work such a machine, and 
it is eYident that it would be easy, by means of cords, pulleys, beam'engines, or other 
contrivances, not only to enable workmen to nse them more advantageously, but also 
to admit of the application of other motive power than mere manual labour. Thus 
Mr. William Fairhairn has designed a machine represented by the sketch No. 15, in 
which the trough is worked directly hy steam, upon the principle of the Cornish 
The scoop is made of wrought iron, and is 25 feet deep hy 30 feet wide, with 
two partitions across it. The arrangement by which the dip may be altered, without 
Fig IS, W corresponding alteration 

in the length of the stroke of 
the piston, is to be admired ; 
but owing to the scoop not 
being made double and with 
an alternate motion, a portion 
of the power must he lost. It 
is stated that these machines 
are adapted to raise 1 7 tons of 
water at each stroke, and With 
an engine of 60 horse-power 
: that they will do a duty equal 
to 3 lbs. of coal per horse- 
power per hour. If this be 
their ejTective duty, there are very few water raising machines which can he 
compared with them, especially in those cases in which the lift should not exceed 
from about 12 to 15 feet vertical. 

When water is raised by buckets upon a windlass, it is necessary, that in addition 
men placed at the handles, there should be another at the bottom of tbe well 
the buckets, so that they should fill rapidly. Sometimes, also, it is necessary 
to have another man at the top to empty the buckets when they arrive at the surface 
of the ground. The expense of this method of raising water is, therefore, much 
increased. 

In ordifir to obviate this source of expense, and at the same time to avoid the loss 
of time the intervals of repose whilst the buckets are being filled 

■upon ■■an' ,endless‘uhain* ''passing'.. 
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moves in an arc of a circle, the valve opens, and the part near it becomes filled with 
water, — as also that when the movement is changed, the water should flow away from 
the centre. 

Such hand-troughs can easily raise water from a depth of from 3 to 4 feet, hut 
their principal defect consists in this, that a considerable portion of the power 

Fig. 14., 
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over a drum below tbe level of tbe reservoir from wMob tbe water is to be raised. 
Tbe lower extremity of tbe chain, and tbe buckets it caiTies, dip into the water; their 
opening is turned upwards upon the ascending portion of the chain, and downwards 
upon the descending portion. The machine, of which the above description indicates 
the principal parts, is called the Noria, and is set in motion by a crank, or by 
toothed wheels communicating with a mill. In passing through the water, the 
buckets iiir themselves with water, and they carry it with them to the top of the 
ascending chain ; when they arrive at the top they incline laterally, according to the 
convexity of the upper drum, and they pour their water into a basin or trough placed 
to receive it. 

In this manner the buckets fill and empty themselves, and the continuity of move- 
ment is attained. But at the same time that the nOria possesses these advantages, it 
has some defects : thus the water forcibly is raised to a higher point than that of dis- 
charge, and the great weight of the machine, as Well as the number of joints, augment 
considerably its resistance, its friction, and the expense of repairs. In spite of these 
defects the noria is a very useful instrument, and it has been in use in the East for 
many centuries. The Arabs carried it with them into all the countries of Southern 
and Western Europe they conquered, and it is unquestionably to them that the 
inhabitants of Spain and of the South of France owe its application to the purposes of 
irrigation in their gardens. 

Originally the chains were formed simply of wisps of hay or straw, the buckets 
were only common earthenware vessels, and the drums, both above and below, were 
nothing more than ends of timber rudely crossed. Such Is even at the present day 
a description of the majority of norias used in Spain, Italy, or Egypt, and although 
rustic, and rude in the extreme, they effect tolerably the proposed object. In the best 
modern norias, however, the buckets are made either of sheet-iron or of copper ; the 
chains are of iron ; the toothed wheels are of cast iron, as are also the drums. 

D’Auhuisson cites, as a very perfect machine, a noria made by M* Abadie, of 
Toulouse. It consists of a drum of hexagonal form, 18 inches in diameter and 
about 17 inches long. The axle of the drum is of iron, and 54 inches square ; the 
chain is about 45 feet long, and contains 28 links, each of which carries a bucket 
of sheet-copper able to hold gallons. The surface of the basin which receives the 
water is about 3 inches below the axle of the drum, and 16 feet 10 inches above the 
level of the water in the well. A common horse, used for gardening purposes, works 
this machine, and produces a useful effect of about 400 tons raised 1 foot high per 
hour, or about 0 *82 of the real power employed to set the noria in motion. Navier 
made some experiments, which appeared to shew that the useful effect was about 
0'88 of the power, but in practice it is not advisable to reckon upon more than 0*70 
to 0*80. 

As already seen, it is necessary in a noria that the water should he raised to a 
point above that of discharge, in order that the buckets may empty themselves. It 
follows from this, that in order to produce an effective result QA, it is necessary, 
leaving out of account all friction, to produce a real effort Q (A + A') in which 
Q =5 the weight of the water, 

A = the height of the discharge, 

y = the extra height required to enable the buckets to discharge the water at a 
proper height : this is usually about 2 feet 6 inches, or the radius of the 
circle described round the hexagon formed by the drum, with a play of 
from 4 to 8 inches. 

As the value of K remains constant, whatever he that of A, the proportion of the 
useful effect to the power employed will be increased as A increases, and this theore- 
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tical deduction Kas been confirmed by direct experiment. The power thus lost is, in 
addition to that cited above, represented by the coefficient 0'82, so that the real 

expression of the useful result would be 

There are many other machines for raising water which produce more favourable 
results than the noria, with reference to the proportion between the power employed 
and the useful effect produced. But the noria has the twofold advantage, that its 
simplicity of construction is such that a common blacksmith can repair it, and that 
it can raise waters, however muddy or charged with sediment. To secure the most 
favourable results it is advisable that the movement should be slow. The depth to 
which it can work favourably appears to vary from 8 to 10 feet at a minimum to 
about 45 or 50 feet at a maximum. 


The sketch, No. 16, illustrates the noria used in Spain ; the pots are of earthenware, 
the chains replaced by haybands, and the machine is set in motion by a horse or an 
ox. According to Janbert de Bassa, from whose work ‘Voyage en Espagne* the 
sketch is extracted, by the aid of one such noria it is possible, under the burning 
climate and the sandy soil of that country, to supply the wants of a family from three 
or four acres of land. 

Chain-pumps maybe taken as representing what foreign engineers descrihe under 
the name of Chapelets, and they are of two kinds, the vertical or the inclined 
chapelet, . They were formerly mueh used in drainage works, and, it appears, are still 
retained in China for raising water for irrigation ; but their use has been almost 
entirely superseded by the Archimedean screw or by other machines in Europe or 
America. 

The vertical chapelet consists of a tube, either cylindrical or square, about 13 or 
20 feet long and 6 or 6 inches diameter ; the lower end of this tube is placed in the 
water. Above the tube is placed a wheel or roller, fixed upon an axle, at the 
ends of which are winch-handles. An endless chain works upon the roller and in the 
vertical tube, bearing from distance to distance a series of valves of wood or of metal, 
lined with leather, fitting tolerably closely against the sides. A second roller is 
placed at the bottom to guide the chain, and to keep it constantly in a state of 
tension, 

' ' "When the chapelet is in motion, the upper roller moves the links successively, and 
thus the chain. The valve which arrives at the lower orifice of the tube then 
takes thi below the preceding valve, intercepts its communication with the 

lower reservoir, it to the discharging channel. 
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In cases wliere the height from which the water has to he raised does not exceed ] 

13 or 14 feet, the vertical ehapelet appears to be advantageous ; its macbinei'y is less 
complicated than that of the noria, and it offers less resistance. A considerable | 

quantity of the water, it is true, escapes between the leathers and the sides of the 1 

tnbe, especially when the speed is small. This loss, however, may he diminished by i 

beeping the machine constantly in repair, and particularly by applying to the lower I 

end of the tube a carefully “bored metal pipe of a rather smaller diameter, and of a i 

length a little more than the distance of one valve from another. 

It is usual to employ from four to eight men at the winch-handles, which have a 
radius of about 1 foot 4 inches, and make from 20 to 30 revolutions a minute, to work 
these vertical chapelets. Working 8 hours per day, and relieved every 2 hours, these 
men raise from 370 to 400 tons 1 foot high in a day. In general, it may be assumed 
that the useful effect is equal to 0'65 of the labour employed, and that the quantity 
of water raised is about five-sixths of that entering the tube. 

The chapelets maybe worked by manual labour, or by horse, steam, or even by 
water-power. 

Fig. ir. 



The inclined chapelet consists of a series of valves attached to an endless chain, 
usually of a rectangular form, and working in an inclined trough. The descending 
branch of the chain bears upon the upper side of the trough, if it be covered, or upon 
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a species of floor, slxould that not he the case. The trough dips into the well, and is 

carried to the point where it is desired to pour 
^ the water. 

The play left between the exterior of the 
^ valves and the sides of the trough is not 

more than Jth of an inch. Bor the same 
sectional area of valve the development of 
ji the part of its contour in contact with the 

if ^ If \ t^l =3 trough is the least, as is likewise the 

(i quantity of water it allows to escape, 

c=|=3 the height is equal to half the width j never- 

1 theless in practice the height is sometimes 

Pifeq ===±1=3 made equal to four-fifths of the width. The 

'¥ distance between the valves varies from 1 to 

c===i times the height, and the speed from 

j| 3 feet 6 inches to 5 feet per second. 

=ij=a inclined chapelet requires a greater 

■ U motive power than the vertical chapelet 

' ^~ "r ' • " '* proportionally to the effect produced, —on 

_ ][ account, firstly, of the friction of the valves, 

II ' and, secondly, on account of the loss of 

T| water between them and the sides of the 

- trough. In Europe, therefore, this mode of 

raising water has long since been abandoned ; 
^ but it is retained in China, where the low 

h'- price of labour may still justify its use. 

■ Peyronnet was one of the last to employ the 

■ -1:^'.^ ■ iiiclined chapelets, and it appears from the 

-fr-: ^ . experiments and observations he made that 
the real useful effect they produced did not 
exceed more than 0*40 of the power employed. (See figs. 17 to 20.) 


Fig. 10. 
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4. WateT-w%eelB^ wUlhhucTcetSy So^^ 

It is possible to apply to tlie circumference of a water- wheel, tbe lower part of 
which works in a stream, a series of buckets, which are open, and so disposed that at 
the lower part of the revolution they should take up a certain quantity of water to be 
afterwards discharged into a basin constructed to receive it. There is no simpler or 
more economical method of raising water ; the same current furnishes the power and 
the material required. For these reasons, when local circumstances admit of its 
application, this kind of machine is frequently used for irrigation or domestic 
purposes. 

When the de^^^ the water is to he raised is considerable, a separate 

wheel is constructed for the buckets and for tbe floats. The first consists of two 
circular plates, between which the buckets are placed, in the best wheels of this 
description, upon an axle which traverses the upper part, and around which they are 
free to move. In this manner they remain vei-tical, and retain the water they have 
taken up until they arrive at the top of the wheel ; there a very simple piece of 
mechanism causes them to incline, the water falls but, and they reassume their posi- 
tion. The float- wheel communicates movement to the bucket-wheel either by an axle 
common to the two, or by any other contrivance. In rough country works, however, 
the floats are occasionally arranged at fixed distances to act as buckets, which, by the 
movement of the wheel, successively takes up the water, and pours it into the reser- 
voir. Unless, however, the openings of the buckets be well regulated, they always 
lose a portion of the water they take up at the moment they leave the stream ; more- 
ovei', the water is not discharged until it reaches a point higher than the one where 
it is required to be used. For these reasons, the loose buckets above mentioned are 
preferred. 

Peyronnet used a similar machine to that ^escribed with considerable success for 
draining the foundations of the Neuilly Bridge. The float-wheel was fixed at a point 
in the stream where the velocity was about 2 feet 8 inches per second, and the hucket- 
wheel was removed to the different piers, sometimes to a distance of 116 feet. The 
first wheel was 19 feet 2 inches in diameter, the width of the floats was 21 feet 4 
inches, and their height was about S feet 2J inches. The second was 17 feet 7 inches 
in diameter, and carried 16 buckets, or cases, each of which cubed about 5 cubic feet, 
but did not lift to the top much more than cubic feet. This machine raised 185 
tons per hour from a depth of from 10 feet 6 inches to 12 feet 10 inches, — a useful 
effect equivalent to that of twelve vertical chapelets, such as Peyronnet employed for 
the works of the same bridge. 

The machine known to the ancients by the name of the tympanum is but a modifi- 
cation of the bucket-wheel. It consists of two plates and a cylindrical envelope, to 
which they serve as a base. It is divided interiorily into eight, or a greater number 
of, compartments by a series of partitions disposed in the direction of the radii. The 
cylindrical envelope is pierced by a series of holes, one comsponding to every opening 
or division in tbe interior of the wheel, and the exterior drum is pierced by a large 
axle, upon the face of which are as many openings as there are compartments. 

When this machine is properly placed upon the water to be raised, and it is set in 
movement, each opening, as it passes below the level of the water in the reservoir, 
takes up a certain quantity of water, which passes into the receiving tank by the 
openings in the face of the wheel. 

At the beginning of the last century Lafaye modified this wheel by making the 
compartments according to the development of a cycloid generated by the revolution 
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of a circle equal to the diameter of the axle, and hy suppressing the external case. 
By this disposition, a vertical line passing through the centre of gravity of the Body 
of water contained in each division is tangent to the axis ; and whatever may be the 
position of the tympanum, the radius of its axis is the expression of the resistance ; 
so that the efet is as regular as possible. 

Peyronnet made some elaborate observations upon the effect produced by these 
wheels. The tympanum he used had a diameter of 19 feet 2 inches, and carried 
24 partitions, entering the water to a depth of nearly 10 inches. It made 2i turns 
per minute, and raised 12B tons of water to a lieight of 8 feet inches per hour,— 
the motion being communicated by 12 men working a wheel with a lantern ; so that 
the useful effect of a man’s labour per hour was equal to 87*8 tons raised 1 foot high. 
The proportion this hears to the useful result of a vertical chapelet is about 26 to 17. 
But the tympanum has the serious objection of not being able to lift tbe water above 
the axis, which entails the necessity of making it of considerable dimensions, and 
therefore very heavy and cumbersome. It may be driven by water, steam, horse, or 
hand labour, as may be necessary. 

In England this description of wheel is known as the Persian wheel, but it is very 
rarely employed. Its antiquity is very great, for Yitruvius mentions it, and even 
very correctly cites its advantages and disadvantages : “Non alte toUit aquam, sed 
exhaurit expeditissime multitudinem magnam.” 

The flask-wheel works upon the same principle as the chapelets, but its operation 
and effects are confined to a circular cbannel, in which the flat blades move. In 
Holland these wheels are used to raise the water occasionally from the marshes, and 
they are there set in motion by wind-mills. Near Paris, in tbe basin of St. Ouen, a 
machine of this nature was constructed for the purpose of lifting water from the Seine. 
The principal dimensions were as follows 

Exterior diameter of the wheel ..... , . . . , S5 ft. 

Interior do. . . . ..... . , 29 ,, 7 in. 

Length of floats . . , . ...... . . (nearly) 4 ,, 

Height of do, measuring upon the inclined line of the floats . 8 ,, 

Do. do. measured upon the radius ... . . . . 2 „ 8J in, 

. . . . . . . ; . , . . . 30 

The observations made upon the working of this engine shew that it raises 2200 
tons of water 13 feet 2 inches high in an hour ; the power of the machine setting it in 
motion being 45 horses, it follows that the real effect produced is 0*82 of the power 
employed ; but as the power of the engine was not accurately ascertained before the 
trials, the results are only to be considered as approximations. 

Smeaton and Navier examined the action of these wheels. Smeaton states that 
their results are even more favourable than those cited above, but his experiments 
must be considered rather as ascertaining maximum than mean results. Navier 
found that the useful effect bears a greater ratio to the power employed when the 
speed of revolution is the least, and that theoretically the effect and the power would 
be equal if the speed were infinitely small. But at the same time the loss of water 
between the c'lxcumference of the blades and the race increases when the speed of 
revolution diminishes’ ; all other things being equal, this loss may he reduced to the 
lowest terms by making the blades rectangular, and of a width equal to double their 

Thm d^criptjlon of wl^eel is liable to the same objection as the Persian wheel, viz. 
that 'ihe cannCt be raised above the level of the centre of the axle. Neverthe- 
less, in the femiistriets df Lincolnshire Mr. Grlynn has lately erected some powerfu 




a wind-mill. The figures 22, 23, 24, and 25 represent modifications of the Persian 
and the "bucket- wheels to be met with in practice. Fig. 24 of these represents the 
description most commonly used by the farmers in the Tipper Ehine districts for 
raising water for irrigation ; and although far from being perfect as a mechanical 


machinery of this nature. One of these erected on the Ten-mile Bank, near Little- 
port, in the Isle of Ely, is driven by an 80 horse-power engine with a wheel 40 feet 
diameter. The Deeping Fen, near Spalding, with an area of 25,000 acres, is drained 
by two engines of 80 and 60 horse-power. The 80 horse-power engine works a wheel 
28 feet diameter, with float-boards 5| feet by 5 feet, and moving with a velocity of 
6 feet per second on the average. When the engine has its full dip, and consequently 
the sectional ai*ea of the blades lifting the water is 27 J feet, the quantity discharged 
per second is 165 cubic feet, or about 4^ tons raised 5 feet in height. The useful 
effect of this engine would thus appear to be 0*88 of the nominal power ; but the 
remark made above with reference to the engine of St. Ouen applies equally in this 
case, viz. that little dependence can be placed on the nominal expression of the power 

■uf a'' steam/engine. 

The figure 21 represents the flash-wheel arranged so as to receive its motion from 
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emigrants from tills district liave carried tlieir bncket-wiieel into the United States, 
wliere it is applied with the same success as in the mother country. 

I 5. Mmellaneous MacHnes, 

I The class of water-raising engines thus grouped together have little, if any, conuec- 

* tion with one another. 

The most important of these machines, when an intermediate point of discharge 
can be found for the water creating the power, is the water-column engine of foreign 
engineers, formerly known in England as the ‘ Hungarian Water-pressure Machine. 
It consists of a cylinder or large pump-barrel, in which a piston moves, driven by the 
weight of a high column of water confined in an upright pipe j a rod or balance-beam 
is fastened to the head of the piston, which communicates movement to common pumps 
or other implements ; sometimes, but rarely, a system of machinery is adopted which 
converts the alternate up-and-down motion into a circular one : this conversion of 
movement, we may remark, is never effected in the best and most modem machines 
of this description. 

One of the most perfect water-pressure engines has been erected at Huelgoat, by 
order of M. Junker. It is single-actioned, and the principle upon which it works is 
similar to that of the Cornish engine; but the transmission of the pressure of the 
water has led to some important modifications in the details of its construction, 

! The principal condition required in these engines is, that water should be obtained in 

a vertical column of sufiSoient height, and that it should be discharged after the 
j pressure it is exposed to at the bottom of the column has produced its effect. As in 

j the Cornish engine, the manner of application consists in directing this force so as to 

j raise a piston lifting the load, and then in cutting ofif the communication when the 

I cylinder is full, giving free egress to the water which has thus created the power, and 

allowing the piston-rods to fall by their own weight. 

In the lifting machines of Huelgoat, the cylinder producing the motion is placed 
with the cover downwards, and it is open at the top; it hears at the bottom a 
shoulder, which is successively put in communication by means of an upright pipe 
with two pipes, the one leading to the base of the water column, and the other to the 
discharge heading ; these therefore serve as the conducting and discharge pipes ^for 
the water producing motion. To set the machine at work, it will suffice to place the 
shoulder at the bottom in communication with the feed-pipe ; then when, the piston shall 
have traversed the whole of its course, to close this orifice, and to put the cylinder in 
communication with the discharge pipe, so that the water may be driven out by the 
weight of the piston and of the pump-rods, which produces the down- stroke. 

At Huelgoat there are two machines of the nature described, designed to raise tbe 
waters filtering into the mine, which it is supposed may amount to 200 tons per hour. 
They are placed about 360 feet below the surface of the ground, in the midst of the well 
designed to collect the waters, the bottom of which is about 1080 feet from the surface. 

The cylinders are 3 feet 4^ inches diameter and 9 feet high. The piston is of brass 
and is simply covered with leather; the stroke is a little more than 7 feet 6 inches 
long, and the machine makes on the average strokes per minute. A wrought-iron 
rod is attached to its centre, which passes through the bottom of the cylinder and 
descends vertically to the bottom of the well : it is designed eventually to raise the 
water at one lift a total height of nearly 755 feet, to an overflow channel. The 
descending column is of a total height of 246 feet 8 inches, but as 46 feet 8 inches of 
this is lost by placing the machines below the level of the overflow, the effective head 
upon the cylinder is only 200 feet. The reason for placing the machine in this 
position was, that it was deemed advisable by this means to counterbalance the weight 
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of the pump-rods. The equilibrium is thus produced to a certain extent by a column 
of water 46 feet 8 inches high, with a base of 3 feet 4^ inches diameter. 

The diameters of the feeding and discharge pipes are nearly 15 inches each, that of 
the pump-barrels is 18 inches, and that of the rising main 1 Of inches. 

In this description of machine the piston receives the whole power of the water 
producing motion, excepting the small portion required to v/ork the regulators, and 
nearly all the fall H is used, so that the dynamical effect ought to be very nearly 
expressed by P H ; P = the weight of water. But the friction of the piston in the 
cylinders, the resistance the water is exposed to in the pipes, and the various bends, 
absorb a notable portion of the power ; so that even in the best machines the real 
effect is only equal to about |rds of that found by theory. In the best water-column 
machines of Freihourg, the maximum of the real effect rises to 0;70 or even to 0*75i 
At Huelgoat the engines do not work to tbeir full power, so that actually they only 
produce 0*45 P H, although it is supposed that when the workings of the mines shall 
have been carried to the depth originally intended, they will yield 0*75 P H. M. 
Junker, however, has deemed it safer not to calculate upon a real effect of more 
than 0-65PH. 

Some water-pressure engines produce their effect merely by the compression of the 
air in an intermediate chamber. But such engines, although the philosopbical 
principle upon which they are founded he very elegant, are not of sufficient practical 
utility to require a long description. The reader is therefore referred to Br. 
Gregory's ‘Treatise on Mechanics’ for the details connected with their action and 
construction. 

The M^drauUc Mam of Montgolfier, 

The hydraulic ram was invented by M. Montgolfier, of Paris, about the year 1797, 
and is very remarkable both on account of its simplicity and of the peculiar principle 
of its action. This would appear to depend upon the momentum of any body once 
set in motion . continuing to operate after the movement itself shall have ceased in 
that body. 

This machine consists, firstly, of either a feeding reservoir, or a conducting pipe, 
M ; of a pipe forming the body of the ram, a b, which conveys the water to the work- 
ing part : this last is called head, and consists in a short pipe o n, open at its 
upper end by means of an orifice c, against the edge of which works a valve ct, intended 
to close ii The head also contains the rising valve h, which opens upwards into a 
reservoir called the air vessel, and at the bottom of the air vessel is placed the 
ascending pipe B. 

The form as well as the respective positions of the parts of these machines may 
differ, as is shewn by the accompanying sketches, figs. 26 and 27. In the latter the 
Fig. 26. Fig. 27. 





valves ' are replaced by hollow globes, whose specific gravity is twice that of water. 
Th^ rdiained in their position by iron bars, which nevertheless leave them at 
perfect mwe in the required directions ; the seats of the openings are lined 

with tarred ya», In order to break the jar occasioned by their falling into their seats. 
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Now, if we siippose that the valve a he drawn down, the water will flow from m 
along AB, and escape through the orifice e. Whilst the water is th as flowing, the 
weight of the valve a must be adjusted by means of the spindle jf placed to receive a 
load, so as just to sink or force its way down against the head of water in A b. When 
the watei*, however, is in motion it acquires considerable momentum, and exercises a 
power greater than that of the mere column to which the valve has been adjusted; 
The valve a is then raised, and the orifice e closed, and the flow of the water being 
thus cheeked, it becomes stationary, the momentum is lost, the valve and weight then 
again become superior, and they fall, opening the valve, so as to let the water escape 
again. In this manner, as the pressure of the water and the weight of the valve 
become alternately superior, the valve is kept in a constant state of vibration without 
any external aid whatever. ^ ^ ^ ^ ^ 

It must be evident that in the mean time the momentum generated between each 
pulsation cannot be at once destroyed ; a second valve bis then provided, through 
which the water is forced into the air vessel, until the elasticity of the air overcomes 
the gradually decreasing momentum, when the valve 5 closes, and that at e opens, to 
allow of a second pulsation. The same series of movements will be repeated so long 
as the upper reservoir shall continue to supply water. 

M. D’Aubuisson cites as one of the most powerful machines of this class the 
hydraulic ram constructed at Mello, near Olermont-sur-Oise, hy Montgolfier the 
younger. The body of the ram is 4i inches in diametex', 106 feet 7 inches long, and 
weighing about 29 cwt. ; the head weighs 4 cwt. ; the capacity of the air vessel is 
only l’S2 gallon. The valve («) consists of a flat plate, in which are seven holes, 
closed hy the same number of hollow balls IJ inch diameter. It beats 60 strokes per 
minute. (In the subjoined Table more details are given of this engine.) 

Hitherto the reactions which take place in the working of the ram have baffled all 
attempts to form any satisfactory tbeory upon their causes, and the practical results 
they have presented have been too discordant to allow of the establishment of any 
general formula, possessing tolerable accuracy, by which the proportions of the different 
parts of the machinery can be predicated, or by which the relation between the 
power employed and the effect to be produced can be expressed without a separate 
trial in every case. The passive resistances, especially those of the valves, present in 
fact so many difficulties as to render their appreciation nearly impossible. 

In the following Table, extracted from D’Aubuisson, and from Hacbette’s * Traitd 
des Machines,’ it is to be observed that the estimation of the effect of the hydraulic 
ram, unlike water-wheels, does not require that the velocity of the movement should 
be taken into account. The effect will be the weight of water raised to a certain 
height in a certain given time ; calling the weight p" and the height HV it wiU be 
p'-' H'. The corresponding force R being the weight of the water furnished in the 
same peiiod, and H the height of its fall, its expression will be FH, and consequently 

the relation between the two will be j or it will be ^^7 if g represent the 

volume of water raised, and Q that employed to raise it, since Q : : P ; jp". 

Heiglit Water 


Number 

of fall. 

of elevation. 

employed 

raised. 


of experiment. 

H. 

H'. 

Q. 

g. 

QH 

1 

2*«‘60 

16*«06 

0*«068 

0'»*00624 

0*570 

2 

11- 37 

59* 44 

0 

0 

0* 0175 

0*653 


10* 60 

84* 10 

0 

0 

CO 

0* 017 

0*651 

4 

0' 98 

4* 55 

1* 087 

0* 269 

0*629 

5 

7‘ 00 

60- 00 

0- 013 

0* 00097 

0*671 
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The average of th ese experiments gives 0’65 as the ratio between g H' and Q H. 

Hitherto the hydraulic ram has only been used when the quantity to be raised has 
been small, and it is very doubtful whether the machine woitld ever be able to 
produce"any powerful action. The violent shocks of the valves, and the jar of the 
body of the ram, shake the supports in a very dangerous manner. It is for the 
purpose of obviating this that the weight of the body of the ram is made as great as 
possible, but in tbis manner the evil is only partially remedied, In the large 
hydraulic rams, the heavy bed- work in which they arc fixed becomes loosened in 
course of time, notwitbstanding any care or pains employed in its execution. It is 
therefore to be feared that the use of this very important hydraulic engine must be 
confined simply to supplying tbe wants of one establisbrnent. 

Belidofs Pmsure Engine^ and BiramaEs Hydrostatic BelloiL% are merely modifi* 
cations of the Hungarian Pressure Engine. As the latter, in the conditions of the 
Huelgoat machines, combines all their useful details, it will not be worth while to 
dwell more at length upon them, more especially as they are rarely used for the 
purpose of raising water. It may, however, be appropriate to state that the 
theoretical pressure able to be exercised by tbe great piston of an hydraulic press 

is, Q= 7^- 

Q = the pTesspre produced. 

P = the motive power : a man acting upon a lever without employing the 
weight of his body produces ordinarily P = 4 cwt. ; or even P = 1 owt., 
if the effort be not of great duration. 

li = the leverage of P, or tbe distance of the point of application of tbis force 
from the axis of rotation of its lever, 

D — diameter of the large piston. ^ ^ ^ ^ ^ ^ ^ 

cZ s= diameter of the small piston. 

I = leverage of the resistance offered by the piston to the movement of the 
lever of P ; this resistance is equal to the pressure of the water upon the 

■■ I 

sma,ll piston, or to P jj. 



But the passive resistances of the anachine, and especially the friction of the piston 
against the sides, diminish the real value of Q, so that it varies from 0* 80 Q for small 
efforts to 0 *85 Q for greater ones. The ratio of the speed of the large piston to that 
of the smaller one is equal to the inverse ratio of the sections, or of the squares of 
the diameters of these pistons. 

The Rojpe Pump of Vera, although rarely employed, in some positions might be 
made to render very valuable service on account of the simplicity of its construction, 
notwithstanding the useful effect pi'oduced is but small. 

It -consists of an upper and lower pulley formed in tbe usual manner, but with 
several grooves in each ; endless ropes of loosely spun hoi*se -hair or wool are made to 
revolve with great rapidity upon these, by means of a multiplying wheel connected 
with the upper pulley. The lower pulley, together with a great part of the ropes, 
moves in the water, which is merely raised by adhesion to the ropes and the rapidity 
of their motion. 

“Water has been raised in this manner about 180 feet by a rope 1| inch girth, but 
tbe useful effect was only |ths of that which could have been obtained by a windlass 
aud buckets. Perhaps larger cords and a less lift might increase tbe useful results, 
but thia apaacbine can only be recommended in cases where hand-labour is easily 
obtalneSj |akl it is difficult to get the repairs of more perfect pumps economically 
performed, "a^ fet’ inatjahee, in some of our Eastern Colonies. 
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The macMne inyented by M* .Yiallon consists of the application of the ‘caniie 
bydrauliqne * of the French engineers,— a term for which -we have no equivalent, so 
little is the machine known. An upright pipe is placed in the liquid to be raised, and 
upon the botttom a valve opening upwards is introduced. If the lower end of 
the tube be sunk from 12 to 15 inches below the surface, tbe water will rise through 
the valve, and stand at the same height within as without. If the tube be now raised 
quickly, but not above the water, the valve will close, and the water within will be 
carried up with it : when the machine is thus at the highest point, let the motion be 
suddenly reversed, and it will be found that tbe liquid column within will continue to 
ascend until the momentum imparted to it at first shall have been expended. A 
vacuum will thus be formed in the lower part of the instrument, into which a fresh 
portion of water will enter. After this operation has been repeated several times, 
and if the movement be well regulated, the valve becomes useless, for the water in 
the pipe will acquire a constant ascensional movement. 

The eifect evidently depends upon the raindity with which the instrument is 
worked, —i.e. a sufficient velocity must be given to the water by the upward stroke 
to prevent ills descending till the tube again reaches the lowest point. The tube 
must be straight, and the boi-e perfectly smooth and uniform, that the liquid may flow 
through with the least possible obstruction. As its length must be equal to the 
elevation to which the water is to be raised, it is necessarily of limited application, 
and especially so since the whole (both water and apparatus) has to be lifted at every 
stroke, — -not merely the liquid that is discharged, but the whole contents of the 
: machine. ■ ■ 

By making one portion of the tube to slide upon another that is fixed, it would be 
possible to obviate this inconvenience to a certain extent ; but practically it is found 
that the loss of power is so great as to render the use of this machine too expensive 
for ordinary purposes. 

Wirt^s is rather an ingenious combination of the Persian wheel and the 
pressure engine. It consists of a spiral pipe coiled round in one plane, the interior 
end of which at G is united to an ascending 
pipe H, and the open end is enlarged so as ti 

to form a scoop, a. In operation, the air 
and water respectively enter the scoop ; the 
body of water in each coil will have both its 
ends horizontal, and the included air will he / 1-7:-/--^ '^^ 

of about its natural tensity; but as the nj | ("T" [■ o ^ V ! 1 I I 
diameters of the coils diminish towards the III \ / / / i 
centre, the column of water which occupied ^ J j /p 

a semicircle in the outer coil, will occupy ' / / 

more and more of the inner ones as they — — " 

approach the centre G, till there will be a — — 

certain coil, of which it will occupy a com- ■ ■. — - — : .v 

plete turn. The water will consequently run 
back over the top of the succeeding coil, and 
push the water within it so as to raise the 

other end. As soon as the water rises in g h, the escape of air is prevented, and 
the water entering the scoop on one side, together with that in the tube g h on 
the other, will press upon the air between them, and the water will be forced up 
G H to a height corresponding with the elastic force of the air ; but the height to 
which it can be raised can never exceed the sum of the altitudes of the liquid columns 
in the coils. 
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YYATEK SUPPLY.* Water is so essential an object in all domestic or 
industrial operations that the means of securing a copious and economical supply 



Quality of 
Waters, 


become subjects of the highest interest to the statesman. 

All waters are not, however, equally fitted for what we may call domestic pur- 
poses. Of late, much has been asserted upon the subject, which subsequent examina- 
tions would lead us to doubt, especially with reference to the. qualities of the particular 
class of waters containing in solution the bicarbonate of lime. No examination of the 
physiological hearings of the question has hitherto been made in sufficient detail to 
allow the exclusion of that, or of any other class of spring water, free from mineral 
salts in notable quantities. This is to be regretted, for the waters taken into the 
system are known to produce effects which are not only injurious to the present, but 
may be transmitted to future generations. M. Chossat, of Geneva, instituted a series 
of experiments upon birds to ascertain the effect of depriving their water and food of 
the bicarbonate of lime, feeding them otherwise in the ordinaiw way. The result was, 
that their hones were so materially altered that they became unable to support the 
weight of the body ; the calcareous salts of the bony skeleton, were, in fact, re- 
absorbed into the system. The inference drawn by M. Chossat from these experi- 
ments was, that unless the calcareous salts were supplied by the liquid or solid food 
consumed by human beings, there would ensue a gradual wasting away of the system, 
which would reappear in the second generation in the form of rickets. The con- 
stitutional tendency of the inhabitants of peculiar districts to particular complaints, 
such as the goitre and urinary secretions, which are universally attributed to the 
chemical nature of the waters, shews that the importance of this branch of physio- 
logical inquiry cannot he too much insisted upon, 

Without entering in detail into an examination of the action of waters upon the 
human frame, it may suffice in the present uncertainty attached to the subject to state, 
the words of Thdnard, that they may be pronounced to he fit for domestic use when 
fresh, limpid, and free from smell, — ^when they boil vegetables without affect- 
dissolve soap without leaving curds. They should be very 
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sligTitly afi'ected by eifcber tbe nitrate of baryta, tbe nitrate of silver, or tbe oxalate of 
ammonia, and when evaporated, tbe residuum sbould be very small, Potable waters, 
it appea,rs, are improved by tbe presence of carbonic acid gas, wbicb in tbe present 
state of tbe medical science is considered to assist tbe operation of digestion. MM. 
Dupasquier and Ohossat appear to consider that the presence of a certain portion of 
tbe cbloride of sodium, and particularly of tbe carbonate of lime, is essential in all 
waters intended for buman consumption. 

In tbe above indications of tbe qualities of water it is to be observed that tbe 
action upon tbe colour of vegetables and upon soap arises from tbe presence of tbe 
carbonate of lime, or from other modifications of that base. The oxalate of ammonia 
produces deposition of tbe sulphates of lime ; the niti’ate of silver deposes the chlorides ; 
the nitrate of baryta tbe sulphates of other bases. 

The temperature of water used by human beings is a condition of nearly as great 
byglenic impoitance as its cbemioal nature. The best water is that wbicb has a con* 
stant temperature,— that is to say, compared with tbe atmosphere it sbould be warm in 
winter, cold in summer. Haller asserts that it is advisable not to use a water whose 
temperature corresponds too closely with the state of our own organs, and that when 
it is of a temperature below that of our body, it quenches thirst, not only by moisten* 
ing, but also by changing the state of the organs. It follows, that a smaller quantity 
of cold water will suffice than either temperate or warm water, and it is very certain 
that the coolness even of a water, otherwise bad, will render it more agreeable than 
one which nevertheless may be of a far superior quality if it be warm. 

Aeration is also an important quality of water destined for human consumption ; 
the oxygen thus communicated forms, in fact, an essential element in its salubrity. 
The quantity of oxygen which can enter into combination with water differs 
according to the elevation of the source and the length of time during which the stream 
may have been exposed. According to Saussure, the proportion of air suspended in 
running water varies from 5 to 5*25 per cent. Boussingault considers it to be 3*5, 
but evidently the pressure to which tbe water is exposed must influence the precise 
proportion. In the Cordilleras, for instance, at a height of ahont 2J miles above tbe 
sea, there does not exist a sufficient quantity of air in suspension in the waters to 
support life in fishes. Humboldt and Provencal make tbe proportion of air in river 
waters even less than that quoted above, for they state that it is only 0*0987 of the 
volume of the liquid ; but at; tbe same time it would appear from their researches that 
this air contains a much larger dose of oxygen than that of the atmosphere ; in general 
the air suspended in water contains 32 per cent of oxygen. The presence of the air 
may be ascertained by the simple operation of boiling, when it will be given off in 
bubbles, or by mixing with the water a small dose of sulphate of iron to which a few 
drops of ammoniac are added. If this operation be carried on in a position sheltered 
from the atmosphere, and any air he present in the water, a white precipitate will be 
formed, passing subsequently to green and to a yellowish orange eolonr. 

Potable water must be free from vegetable or animal matters : the least inconve- 
nience attached to their presence arises from the deoxygenization of the air in suspen- 
sion, and the decomposition of the extraneous matters which takes place rapidly under 
the conditions of contact with the air and the existence of moist heat, and renders the 
water putrid. The presence of these matters may be detected by chlorine solutions, 
or by an infusion of gallic acid ; but they often entirely escape observation in chemical 
analysis, whilst it as frequently happens that waters notoriously unwholesome present 
traces of organised matter so feeble as hardly to be appreciable. A careful observa- 
tion of the effects of any particular water upon human beings, or upon the animals 
using it, is therefore as essential as a chemical analysis. Indeed, organised life Is a 
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far more delicate re-agent than any that can he inferred from the colour of a precipi- 
tate j its indications therefore must he attended to even more than the grosser indica- 
tions of chemistry. Dr. Angus Smith, in addition, has remarked, that the waters 
kept in largo towns contain a peculiar organic matter, and that they part with it in a ’ 
variety of ways, particularly hy their transformation into nitrates. He adds, that 
water, from whatever source it may he derived, cannot he kept for a long time in a 
state of purity, unless upon a very large scale, and that it is advisable to use it as 
soon as possible after it may have been collected or filtered. 

Kain water collected in the open country, or at sea, a short time after the com- 
mencement of a shower (for the first drops that fall carry down the impurities in 
suspension in the lower strata of the atmosphere), is the purest which can be 
obtained. In storms it sometimes contains nitric acid ; at all times it is aerated, but 
flat and insipid to the taste, and is likely to cause colics. For industrial operations it 
is, generally speaking, considered to be the best. 

Snow water is without air, and usually deposits a small quantity of dust on being 
melted. Ice water is bright and pure, but difficult of digestion. The peculiar and 
loathsome disease called the goitre is usually attributed to the use of dissolved snow j 
but the healthy state of the crews of Capt. Parry’s ships during their long arctic 
voyages, when they had no other resource than the dissolved ice, would appear to 
show, that if proper precautions be taken, it may hecome a valuable source of supply 
under similar circumstances. 

Spring water is considered by the public generally, and by most empirical writers, 
to be the most fitted for human consumption, whilst many scientific men prefer river 
waters. Absolute d; jjnori opinions upon this subject are excessively dangerous, and 
it is possible that the error may be equal on both sides. Springs differ in their 
qualities according to the nature of the strata they traverse ; chemical analysis and 
medical experience must therefore decide whether they be of a proper quality or not. 

Eivers are produced hythe confluence of streams and springs, and consequently 
near their sources their waters participate in the qualities of the latter. In their 
course, however, they acquire a degree of purity they may not have possessed at their 
origin, if they run upon a rocky or clean sandy bed, and do not receive the organised 
matters draining from the lands traversed. The assertion which it has lately been 
attempted to convert into a law, viz., that * the nearer the source the purer the 
water,’ is, therefore, only to be received with a reservation. Like all other attempts 
to dogmatise on subjects of natural history, it would be dangerous to admit the uni- 
versality of the supposed principle ; indeed, in the majority of cases spring waters are 
improved in quality hy exposure to the air, if at the same time they flow with a cer- 
tain velocity, They part with any excess of carbonic or sulphuric gases they may 
contain, they depose their earthy carbonates, they absorb oxygen, and if they should 
meet with other springs charged with ingredients different from their own, they may 
mutually purify themselv^. But although the agitation and exposure to the atmo- 
sphere may farilitate the deposition of certain salts, there are others such as the 
sulphate of lime, the chloride of calcium and magnesium, which are retained much 
longer. Often when a confluence of two rivers takes place, the distinguishing ele- 
ments of both of them may be traced for a considerable distance. The banks of the 
Seine furnish a remarkable instance of this fact ; for some miles below the junction of 
^t river with the Marne, on the left bank, calcareous salts predominate ; on the 
the magnesian salts, associated with earthy matter brought, down by the 
The quantity of solid matter in suspension in river water varies in 
Thus, in 1834, Mr. Kerrisson found that the river Thames con- 
tained ^ ^ mailer ; the Seine is considered to hold ; the waters of the 
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Garonne, at Bordeaux, are so oliarged with matter as not to ho purified after standing 
ten days ; the Rhine is stated to contain of solids in suspension in fiood seasons, 
although the more accurate observations of Mr. L. Horner would only make it 
In the tropical regions the proportion is even gt'eater, for Major Rennel states that 
the Ganges near its embouchure contains 4th of solid matter in suspension, and Sir 
G. Staunton estimated that the Yellow River, in China, brought down -gjg of eai*thy 
ingredients* Manfredi,. the Italian hydrographer, calculated that the average propor- 
tion of sediment in all the running water on the globe, which reached the sea was ; 
but modern investigations shew that this estimate is greatly exaggerated. 

The deposition of the earthy salts contained in spring water takes place in a very 
striking manner in the channels or pipes in which it may be conveyed. Sometimes 
this action is carried to such an extent that the capacity of the conduit is materially 
dimmished. For instance, in the aqueduct passing over the Pont da Gard the sec- 
tional area is contracted by a deposition of carbonate of lime : in many cases in our 
own country tbe same effect is produced ; and in others, where the waters contain 
the hydrous oxide of iron, the interior capacity of the pipe is diminished by a deposit 
of that material with remarkable I'apidity. Waters of either of the descriptions 
alluded to would evidently be improved by a lengthened course over a clear rocky or 
sandy bed; but it is a matter of at least equal, if not of greater importance, that all 
contaminations from decaying vegetable or animal matter be excluded, and that the 
atmosphere with which they are in contact be pure. 

Well waters, if only raised from shallow springs or in small quantities, are liable to 
become stagnant, deficient in aeration, and to take up any soluble salts existing either 
in the ground or in the masonry. In to wns, wells appear to contain large proportions 
of the nitrates, and in London at least they are remarkably hard; at Manchester 
they are selenitic, but the presence of the nitrates appears to check the development 
of vegetable life, unless it be that of a peculiar fresh-water alga. In the construction 
of wells, it is advisable to use silicious materials as muob as possible, and to employ 
the argillaceous cements : a precaution of still greater importance is to place the wells 
in such positions as to remove them from the influence of dung-pits, cess-pools, grave- 
yards, or other receptacles of decomposing organic matter. The distance through 
which the putrid waters from the latter are able to filtrate renders it advisable to 
adopt every possible precaution against their entry. The suhjeet of weRs will, how- 
ever, he treated more in detail under that head. 

The waters of large lakes are of a quality intermediate between those of rivers and 
of pools ; they must, however, he always exposed to acquire, in variable proportions, 
— of course, according to their dimensions, their exposure to the wind, and the nature 
of the rocks upon which they repose,—- the qualities of stagnant waters. Ponds and 
canals are necessarily still more affected by these qualities; marsh waters possess 
them to such an extent as to warrant us in laying down the absolute law that they 
should never he resorted to. Stagnant waters are for the most part saturated with 
gases arising from the decomposition of the vegetable and animal matters they may 
contain or receive, and the contact of the hydrogen gases with the sulphates turns 
the latter into feetid snlphurets of the most repulsive and noxious description. : 

Those remarks upon the nature of pond waters have a practical bearing upon a 
mode of collecting the rain-fall over particular districts, which has been lately brought 
before the public in a prominent manner, under the name of ‘Gathering Grounds.’ 
In that system, as it is necessary to store the excess of the winter rains to insure an 
average supi>ly during summer droughts, it is necessary to form reservoirs of con- 
siderable capacity. It is indispensable, therefore, in order to insure a comparative 
degree of purity, that the water should be received into reservoirs constructed of 
TOP. in. ^ ^ 
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materials wHoli are neitlier aUe to impart any soluble salts, or to develop any vege- 
tation. The form of the reservoirs must be such that the lowering of the water-line 
should not leave broad belts of moistened eartli or masonry ; in factj the sides should 
be as nearly as possible vertical. But even when these precautions have been ob- 
served, waters stored for any length of time part with their air, become deoxygenated, 
and allow any chemical reactions between the ingredients they may take up from the 
ground over which they flow to develop themselves under the most favourable con- 
ditions. In some of our East Indian Colonies it is often necessary to construct 
< tanks, ■ for ho streams or springs are to be met with. In such cases, the faces 
exposed to the water should be executed with silicious stones bedded in cement, and 
the tank must be covered. The geological configuration of the tropical regions may 
possibly justify the adoption of this tank system : but, and especially in our own 
country, it can only be exceptionally that it can be advisable to resort to the system 
of storing rain or surface waters, should any streams flow within a reasonable distance 
of tbe locality to be supplied. It cannot, however, be too often repeated, that Engi- 
neering is a science of expediency,— of the adaptation of means to the end. No abso- 
lute law can be laid down in any case, but every individual one must be regulated )>y 
the peculiar circumstances aflecting it. 

Should it ever be necessary to use stagnant water, it maybe purified from its 
noxious gases by ebullition, and in the same manner the organic matters in suspension 
will be deposited. It should then be filtered through sand, or it would be preferable 
to pass it through pulverised charcoal. Air may be communicated by allowing the 
water to fall from a height ; or, if only small quantities be operated upon, agitation 
or simple exposure to the atmosphere for a few hours will suffice; Habioh states that 
stagnant water may be purified by mixing With it a compound of 1 part of quick- 
lime and 2 of alum, or 4 of animal charcoal and 1 of alum, in the proportions of 1 of 
the compound, in volume, to 1000 of the water : and leaving them in contact for a 
night will usually be sufficient to attain the desired purification. It might be pre- 
ferable to throw the pounded charcoal into the water overnight, and to add the alum 
on the next day.* 

When a copious supply of water possessing the requisite sanitary qualities shall 
have been secured, there remains to be settled the means of conveying it to the place 
where it is to be consumed, and of distributing it from house to house. It rai’ely 
happens that the supply is to be met with in such positions as to satisfy all the con- 
ditions of a theoretically perfect distribution. The sources are situated either at a 
great distance from or at a lower level than the place where they are to be used, so 
that it is almost always necessary to conduct them from a great distance or to raise 
their waters artificially. 

The first operation required in all works connected witli a distribution of water is 
to ascertain the volume which may be required within a definite space of time in the 
diflerent seasons of the year, as also the possibility of any eventual modification in 
its quantity. If the source of supply decided upon, in consequence of the chemical 
be from springs, they should be carefully gauged ; and, if possible, the 
observations should be extended over the number of years constituting tbe cycle of 
climatological changes in the locality. Should it not be possible to carry out these 
observations to the extent mentioned, it would be preferable to draw conclusions from 
the average working power of any mills, should such exist ; because isolated gaugings 

i of Good Hope, whoro the frontier rivers are frequently impregnated with the 

mixed with mud, equal to ■|th and •|th of the volume, it was the 
iSriach cube into two quarts of water, when 
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are as often likely to indicate a tow far below tlxe ayerage as they are at other times 
likely to indicate it in excess. 

The second operation is to settle the point to wliicli the waters are to be conducted 
previously to the distribution to the respective tenements ; and to establish between 
the source and the distribution a conduit whose section and inclination shall be suffi- 
cient to insure the delivery of the quantity required, should the water flow between 
the respective points by gravitation : or to provide the means of forcing the water to 
a higher level in case the point of supply be placed below that of distribution. : It is 
desirable that the latter be placed at as great an elevation as possible, in order to 
facilitate the distribution into all parts of the district to be supplied, and to deliver 
the water at the most elevated positions therein. 

Water may be conducted between the extreme points of the source either by means 
of open canals or by lines of pipes following an uninterrupted direcrion, but at the 
same time adapting themselves to all the inequalities of the ground. In the former, 
the water only receives upon its surface the pressure of the atmosphere, and its 
movement results simply from the inclination of the bed. In the latter, the water 
usually occupies the whole internal diameter of the pipe ; it exerts upon its sides a 
pressure, which is the greater in proportion to the difference of level between the 
pipe and the source, or what is usually called the ‘ head,’— and it acquires a velocity, 
which, if all other things be equal, depends also upon the head. 

Water may be raised by means of many different machines already noticed in the 
article on ‘ Water Meadows.’ For all practical purposes, however, our attention may 
be confined to pumps, whether suction or forcing, which are set in motion by steam- 
engines or water-wheels. 

The distribution into the respective parts of a town is effected by moans of a series 
of mains and submains carrying it to the positions whero the consumption will taka 
place. ■' 

When the source of supply is situated at a great distance, it would appear, from 
what has been before said, that it is decidedly better, so far as quality is concerned, 
to conduct the waters in open channels, than in either covered aqueducts or in pipes. 
But as there can be no absolute rule in engineering works, so in this particular 
instance circumstances may require that either of the latter methods should be em- 
ployed in preference to that of open conduits. For instance, if the atmosphere of the 
locality through which the waters flow be contaminated from any natural or ariificial 
cause, the effects consequent upon exposure to it will be injurious rather than bene- 
ficial. If the temperature be elevated, not only will the waters be rendered 
disagreeable as a beverage, but frequently they will be chemically deteriorated, and a 
serious evil will be encountered in the evaporation if open channels be used. In 
tropical climates, therefore, or near large manufacturing towns, covered conduits are 
necessary ,* in the open country of temperate climates they should be open. Such 
channels as the New River, near London, ought to be covered : the deteriorated 
quality of the water of the Croton Aqueduct would lead to the belief that the latter 
channel ought to have been open in the greater part of its transit. 

If the water be not conducted in pipes, but in an open channel, the fall must be 
uniform in the whole length, and the inequalities of the ground must be overcome by 
means of embankments or bridge aqueducts, which may be occasionally of three stories 
in height. The ancient Romans have left some very remarkable works of this descrip- 
tion, such as the aqueducts of Evora, Merida, Segovia, Nimes, Metz, &c. The 
government of the Lower Empire did not neglect these works either, for tljo 
aqueducts near Constantinople are upon a colossal scale. In more modern times, the 
aqueducts of Spoletto, Cenoa, Oaserta, Lisbon, Marly, and Roquefavour, may be 

3o2 
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cited, eycn if we leave oat of consideration sucli works as tlie New Eiveivtlie Canal 
de 1’ Cure, and tlie Croton Aqueduct. 

If tlie water be conducted by a pipe constantly full to a certain extent, providing a 
sufficient bead exist at tbo upper extremity, it may be made to overcome any 
difference of level, by descending one side of the bill and rising on tbe other, as in a 
reversed sypbon. Tbe Eomans occasionally resorted to tbis manner of obviating tbe 
effects of deep valleys, but in consequence of tbeir ignorance of metallurgic arts, tbeir 
means of executing such sypbons entailed too great an expense to allow of tbeir 
frequent; employment, A very remarkable instance of tbis kind of Homan con- 
struction is to be found in tbe aqueduct of Lyons. 

Should it be determined to lead tbe water to tbe point of distribution, supposed to 
be at a sufficient elevation to insure tbe bouse service by gravitation only, tbe 
dimensions of tbe channel wall be ascertained by tbo formula abeady noticed in the 
article on ^Eiver Navigation.’ 

Q = S zj, from wffiich we have 7 ; = g. 

Q — the quantity discharged per second, 

S = the section of the water-course, 

7 ? = the mean velocity of the discharge. 

According to Be Prony, the inclination I will be, 


1 I = “X (au + & 


P = the wet contour of the aqueduct, 
c6 === a coefficient of 0*0000444, 

& = a coefficient of 0*000309, 

Eytelwein makes the coefficients respectively, a = 000024, and I = 000365, It 
appears that for small volumes the coefficients given by Be Prouy are the more 
correct, but that those of Eytelwein are more applicable to large rivers. 

Calling the quotient of the transverse section of a water-course, S, by the wet 

s 

contour, P, the mean radius, or R ] it will be E— and the formula of Be Prony 

' P 

gives by substituting for a and I their values as above, 

E l == 0-0000444 7 ? + 0*000309 

from which we may deduce 

or nearly 

7 ; = 56*86 VEI- 0*072 

Prom these formulas, knowing the value of I and E, that of tj may be ascertained ; 


or equally, what ought to be the inclination I, so as to insure a velocity u 


_ Q 


The value of E depends upon that of the section S and the form of that section, which 
is much influenced by local circumstances. If the aqueduct be in wood or in 
masonry, the sides may be made vertical ; and in order to reduce tbe wet contour to 
the lowest dimension, so as to present the smallest frictional area, it is advisable 
that the width should be equal to at least twice tbe depth. If it be in earth, the 
sides should be inclined, and the width vary from four to six times the depth of the 
water, ■ 

* These formulae are precisely identical with those used in settling the dimensions 
and fall of canals or derivations ; but inasmuch as conduits for town supplies are 
usually wtoled in masonry, they can more easily be made to pass under-ground in 
heading#, bridges they require need not be of such large dimensions as those 

for canals. The r^nduits in the fomer case are necessarily covered either by arches 
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or landings j ia the latter the practice of engineers varies according to circumstances. 
The Boman aq[ueducts were made so as to insure their being 2 feet below the level of 
•{jhe ground ; if in embankment, they were usually covered with about 2| feet of earth. 

In the Croton Aqueduct the depth of this covering is increased to about i. feet ; and 
unless the height of the top water-line exceed 25 to 30 feet above the lowest part of 
the valley, it is carried upon a solid wall of masonry. 

In the construction of the conduit care should be taken that the materials employed 
be of a nature wliicb should not be likely to affect the qualities of tbe water, and that 
the most perfect impermeability should be attained, Silicious stones, hre-clay bricks, 
or decidedly argillaceous limestones, should be preferred to such as are able to furnish 
readily the bicarbonate or the sulphate of lime. Hydraulic limes (or better, Boman 
cement) alone should be used ; but gi*eat care is required in the seleetion of this class 
of materials, because many of the most efficient cements are exposed to the serious 
inconvenience of giving out the salts (the nitrates or muriates) of soda. Tbe Bomans 
used an artificial cement composed of lime, sand, and pounded bricks, laid on in two 
thicknesses, the second of which was evidently worked up carefully with the hand- 
trowel. In many situations this process might bo advantageously adopted at the 
present day.* 

The dimensions of the different parts of conduits must depend so much upon the 
nature of the ground to be traversed, and tbe resistances which they maybe requh'ed 
to offer, that it is dangerous to lay down any general rule. In subterraneous aque- 
ducts it is usual to make tbe width in the clear about 3 feet 6 inches, with a height 
of about 7 feet, in order that they may be visited easily ; but these limits must vary 
according to the quantity of water to be conveyed. If the foundation be good, it 
would not be necessary to make the floor more than from 13 to 14 inches thick, 
withont including the layer of concrete beneath it j the side walls should be from 
1 foot 10 inches to 2 feet 8 inches thick ; and the arched covering about 14 inches 
thick at the key if the superincumhent weight be not very great. When the conduit 
is carried over valleys, the thickness of the solid sustaining masonry is made some- 
what greater than the external dimensions of the aqueduct immediately below the 
floor, and a slight batter is given on both sides ; and in bridge aqueducts a set-off is 
made at each tier of arches, should there be more than one. 

The practice of the Bomans in the construction of large bridge aqueducts is far 
more to be depended upon than the bold style of engineering introduced by Bail way 
Engineers, especially in countries exposed to volcanic action. The openings they gave 
to their arches, when executed in ashlar, varied from 24 to 48 feet generally, although 
in their Pont du Gard the arches over the river have spans of 75 feet 8 inches, ‘When 
executed in mixed ashlar and rubble, the spans were made from 18 to S 6 feet ; when 
in rubble cased with brickwork, from 12 to 24 feet. The thickness of the pieivs 
measured in the direction of the axis varies from ith of the span in the Pont du Gard to 
about ^th in the aqueduct of Segovia, executed like the former, iii Mhlar. When the 
arches and piers were of brickwork or rough stones, the piers varied from |rds to .J of 
the spans. If there were several ranges of arches, the first from the ground was usually 
made 2^ times its clear opening from the ground to the under-side of the key ; the 
second about ph less in height, and the third Jth less than the second. The space 
between the ai*cades was usually |th of the height of the first range under the key. 
Up to a total height of 84 feet the arcades were made of only one range ; from 90 to 
160 feet they were made in two ; from 180 to 250 feet, in three ranges. 



Tills process is common in Sicily at this day, 
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Small wells were formed at distances of aLont every 100 yards, to allow the depo- 
sition of any extraneous matters in suspension ; visiting and air funnels were also 
placed from distance to distance. 

In tHe Croton Aqueduct tlie principal details enumerated alsove were faitlifully 
copied, and notwithstanding the criticisms of some modern writers, they may he 
still considered, in spite of some defects, to he those called for hy the necessities of 
hot climates. In the Boman aqueducts aeration was partially secured hy discharging 
the water from the conduit into large hasins or castella. In the house distribution, 
however, the manners of the ancients gave rise to so different a system from our own, 
that it is prohahle that the fountains in every house would obviate the want of aera- 
tion in the aqueduct itself. The Croton Aqueduct is in this respect even mors deficient 
than the ancient ones, insomuch that no method is adopted to supply the requisite 
quantifcy of air ; and it is also to he observed that the system of forming immense 
artificial lakes at the, head, as there executed, is ohjectionahlo, on account of the 
facilities it affords for the chemical actions upon organized matter. The Bomaiis 
almost invariably resorted to springs whose flow was perennial, instead of storing the 
flood-waters upon the principles adopted by the American engineers. 

The main feeder of the distributing pipes of Paris is a good example of a conduit 
in solid masonry. The larger one is about 1| mile long, and has a total fall of 
4 inches only in the length ; the smaller one is a subsidiary branch into one of the 
most popular quarters, and is about 333 yards long. 




Syphon bridges, la some cases where the depth of the valley is very great, and the number of arches 
required to overcome the difference of level becomes too considerable, bridge 
aqueducts have been replaced by syphon bridges. In these the pipes are made to 
follow the contours of the valleys, but any sudden irregularities ai*e compensated for 
by a series of low arches, with a regular inclination upon the sides, and by an 
ordinary bridge in the bottom. On the summits of the respective hills are placed 
reservoirs, and the water descending from one will rise into the other, to a height 
corresponding with the head upon the pipes minus the loss arising from the friction, 
and any difference in the sectional area of the pipes from that of the conduit. The 
plpe-s, forming the syphon may be either of lead or iron, the thickness being necessarily 
in prcp>ri^ to the head upon them. ^ 

In the’ootifjE^ df the Boman aqueduct leading the waters from the Mount Pila to 
Lyon is a rexf syphon bridge of this description. The valley itself is 
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I aLout 2600 feet across, with a doptli of 217 feet, hat there is an arcade in the lower 

! cing the length of the cle>seendmg limb to 164 feet : that of the ascending 

limb is 142 feet 2 inches ; and the length of the arcade is about 460 feet. The pipes 
are ofleacl; for one-half of the descent they were S| inches diameter, and l^h'^h 
inch thick j and for the remainder of the descent, along the level arcade, and for the 
first half of the ascending limb, they bifurcated into smaller pipes 6 inches in 
; diameter ; at the last point they were re-united into pipes of 8 inches diameter, and 

so continued to the lower castellum. There were nine pipes communicating with 
the castella, and eighteen xipon the bottom part of the syphon. 

; The aqueduct of Uenoa has also in its course a syphon bridge, traversing the valley 

of the torrent deivato, between the hills of Molassana and Pino. The horizontal 
distance between the two extremities is about 2193 feet 7 inches : the level part of 
i the syphon is 164 feet below the upper reservoir, and the ascending limb has a 

perpendicular height of 139 feet 8 inches, making the loss of head 24 feet 4 inches. 
The pipes are of cast iron, in lengths varying from 2 feet 6* inches to 2 feet 10^- inches ; 
their diameter is nearly 14| inches, their thickness about | of an inch. This syphon 
is of modern date, it was erected in 1782. But the most important syphons ever 
executed are, perhaps, the one in the Manhattan Yalley of the Croton Aqueduct, 
j which has actually two pipes 6 feet in diameter, with a vertical depression of 102 feet, 

1 and the great pipes on the Bivington Pipe Water Works at Liverpool, 

In works of this description it is necessary to provide means for discharging the 
* air brought down by the wateiy which has a tendency to accumulate in the lower 

portion of the syifiion. The ancients effected this object by means of an ascending 
i pipe, rising from near the point where the change of direction is from the descending 

to the horizontal part, to a height somewhat above the castellam at the head. In 
modern syphons, air vessels which allow the escape of the air when it attains a 
I certain pressure are used for this purpose. ^ ^ ^ ^ ^ ^ 

> Souteimiol When valleys of great width are to be traversed, a series of syphons may some- 
times be advantageously formed upon the principle of the Souteraziox of the 
engineers of Lower Creece and of the Turkish empire. These consisted of pipes 
starting from an upper reservoir, descending to the bottom of tbe valleys, and rising 
again into a series of intermediate reservoirs, serving botb as a means of disebarging 
tbe air and as bead reservoirs for tbe subsequent divisions of the syphon. The inter- 
mediate reservoirs are erected upon piers of "masonry, at gradually diminishing 
elevations, on account of the loss of head occasioned by the friction of the bends. 

5 The distances apart of tbe iners were usually made about 500 or 1000 feet, and the 

’ difference of level between tbe water in two separate reservoirs was usually 4 inches, 

i Conduits in masonry, if forced to pass in tbe direction transversely to a line of hills, 

must occasionally be carried through them in tuwiels. Jf the bright of the hills does 
*:• not exceed 28 feet, a syphon, set into action by filling both limbs from above, will 

carry tbe water over them ; but in such works greater precautions are necessary than 
in the descending syphons, because if any appreciable quantity of air accumulate in 
tbe upper part so as to occupy tbe bend, the action of the syphon will be #opped. 
Proper velocity From numerous experiments it would appear that a velocity of 14 inches per 
of water. second is indispensable to prevent the fermentation and deoompoBition of the organic 

i matters contained in any water-course in warm weather. This limit should be adhered 

f to as closely as possible, in order to secure tbe delivery of the water at the highest 

' point in the position from which the diskibution will take place. 

Pipe conduits. Should the quantity of water to be conveyed not be of sufficient importance to 
justify the construction of an open conduit in masonry with a uniform inclination, or 
; should the water be derived from a source situated at a lower level than the distrh 

I 
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■buting reservoir, into wMcli it is to be raised by mecbanical po^wer, it is necessary to 
employ pipes. 

Pipes are occasionally of 1^00(3, of pottery, of cast or •wrongbt iron, or of lead. 

Wooden pipes are exposed to tbe serious objection that they communicate a dis- 
agreeable flavonr to the water in many cases, and they are ill-adapted to the infinite 
modifications required in a bouse distribution. 

Pottery pipes are economical, and often the most fitted to convey spring waters 
containing certain soluble salts. They are not able, however, to support a great 
pressure of water; and, generally speaking, they occasion a sufficient degree of fric- 
tion to cause the earthy matters in suspension to deposit. It is found practically, 
moreover, that the roots of trees, which naturally absorb much water, will be 
attracted towards them from great distances, and that eventually they force their way 
through the mortar joints, and choke up the bore of the pijm The use of cements 
attaining the hardness of the Portland cement might obviate this inconvenience to a 
certain extent. 

Cast-iron pipes. Pipes of cast iron are generally preferred, on account of their strength, of the 
facility with which they can he ada|)ted to any change of direction, and of their 
durability. Some waters appear, however, to exercise a remarkable influence in 
developing their oxidation, thus giviog rise to the formation of tubercles wliicli 
diminish the sectional area of the pipes, and render frequent examination and 
cleansing necessary. This subject is still involved in considerable obscurity ; but in a 
note inserted by M. Payen in the ‘ Annales des Pouts et Chaussees,* 183'r, will bo 
found a summary statement of the received opinions upon the subject. It appears 
from this, that aerated waters, slightly alkaline, are the most likely to i^roduce the 
effect above mentioned. Glrey cast iron is more exposed to it than whiter metal ; and 
it appears that if the pipes be coated with a solution of hydraulic lime, or with linseed 
oil containing litharge, the formation of the tubercles is likely to bo retarded. 
Chloride of sodium in small quantities exercises very great influence upon their 
development. Gfreat precautions must be taken against the contraction and expansion 
of the metal. 

Wrong ht-iron Wrought-iron pipes have lately been introduced instead of cast-iron, the inner face 
pipes. being galvanized, and the outer face protected by a coating of asphalte. It has been 

found, however, that very serious inconvenience is attached to their use ; because, if 
by any subsidence of the ground below them the superincumbent weight should com- 
press the pipes, the sectional area would be diminished without any external indication 
to show where the interference with the flow existed. In fact, the elasticity of these 
pipes is an evil : cast iron would, under the circumstances supposed above, either not 
yield to the pressure, or, if the latter exceeded certain limits, it would break, and 
thus render apparent (by the flow of water) where the injury had taken place. Small 
pipes of wrought iron are, however, much used when there are no abrupt changes of 
direction/ ■ ' .. . ■ 

Lead pipes. Lead pipes of large dimensions are now seldom employed for the distribution of 

water, unless it be in the house services, as the pipes leading the water into houses 
are technically called. They can conveniently be drawn up to a diameter of Z or 4 
inches ; beyond that, they are obliged to be formed by soldering a longitudinal joint, 
or by casting. In the latter case, the length can hardly exceed 10 feet, which would 
require nearly as many joints as for cast-iron pipes. Moreover, if the head of water 
be very great, the thickness would require to be proportionally increased. For house 
servtc^ 1^ pipes are the most convenient, on account of the ease with which they 
can be rW^ to bend in any direction. 

Lead is beacted upon by certain waters; but its effects, when so acted 
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upon, are far more imejudicial to liealtK fhan tLose arising from tEe decomposition of 
iron pipes. There is still great ohscurity about this important chemical question ; 
but it would appear that there is some connection between the two actions, for the 
same waters which destroy lead by the formation of the carbonates, afect iron by 
giving rise to the formation of the hydrous oxides. 

The formula for ascertaining the thickness to be given to a cylindrical pipe exposed 
to a certain internal pressure is usually given as follows : 

pr ' , 

x = — Ti m which 

p = the pressure per square inch ; 

r = the radius of the interior diameter ; 

c = the cohesive strength of the metal per square inch. 

In practice, however, the dimensions obtained by the application of the formula 
are sometimes neglected, and they are made, especially in the smaller diameters, 
thicker than theory would require, on account of the difficulty of obtaining sound 
eastings when the metal is of slight thickness. It is customary, also, to place two 
belts, of about 3 inches wide and J an inch projection, in the length of the cast-iron 
pipes when the diameter is above 3 inches. Mr. Hawksley adopts the formula 
aj= 0*18 ascertain the thickness, making it, in fiict, about | of the square root 

of the diameter. 

The following Table gives the usual dimensions of cast-iron pipes, with their 
weights, up to 15 inches diameter. 


« Intornal 

No. of Beits 

Leiifttb over 

Net LciiLftli 1 

■Weight per 

TliiekiiCKS (tf 

Diameter of 

1 ' Pipe. 

per Pipe. 

J uint. 

in 

work. 


iipe, 

m 


liaiTcl, 

1 , , ' . ' ■ ill. 


ft. ill. 

ft. 

ill. 

cwt. 

qrs. 

fi)S. 

in. 

14 


4 9 

4 

6 

0 

1 

0 

0*288 

2 


6 4 

6 

0 

0 

1 

21 

0*3 

24 


6 4 

6 

0 

0 

2 

5 

0*313 

3 


9 4 

9 

0 

0 

3 

24 

0*325 

4 

Two belts. 

)) 


}> 

1 

1 

12 

0*35 

i 5 


j> 



1 

3 

6 

0*375 

1 ^ 

5) 

9 6 



2 

1 

4 

0*4 

! 7 

j) 

it 



2 

3 

8 

0*425 

] S 

)) 


j , 

3 

1 

15 

0*45 

i ' 9 

» 

V 

3> 


>> 

4 

0 

2 

0 475 

1 10 

5) 


3> 

4 

2 

21 

0*5 

! 11 

9 J 

5> 


it 

5 

0 

17 

0*525 

1 12 

?? 



)t 

6 

1 

0 

0*55 

1 13 




it 

6 

3 

14 

0*575 

! 14 

y y 

8 


it 

7 

2 

20 

0*593 

15 

y? 

It 


* 

8 

1 

13 

0*612 











The dimensions of lead pipes may be calculated by the formula ZL . , Mr. Jar- 

' ' ■ • . . 

dine, of Edinburgh, found that a pipe 1 4 inch diameter and |th inch thick resisted a 
head of 1000 feet, hut that it burst with a head of 1200. Another lead pipe 
2 inches diameter, and also |th inch thick, resisted a head of 860 feet, but burst with 
a head of 1000 feet. The usual thickness of lead pipes in commerce is about |th of 
an inch, and the weights per foot run are as follows : 


Thickness. 
Weight . . 


14 in. I If in. 
679 I 7*27 
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Belid or states tliat a large lead pipe 13 xnolies diameter ami ||tlis tliiek will re 
apressixreof tliree atmospheres. The pipes in the tedens of Versailles are 2 feet 
If inch diameter and If inch thich. 

In addition to the formula expressing the uniform movement in an open channel, 
hefore given, Be Prony also ascertained one to express the movement in a regular 
cylindrical pipe ; it is as follows : 

Bd ■ ■ ■ 


= ar + =: 0-0000173 + 0-000348>;2 


rom which "we derive 


or nearly -y = 53*58 •— 0*025. 

r ~ the mean uniform velocity j 
B = the inner diameter of the pipe ; 

J = the inclination per mMre (or j)er yard) ; 

a = a coefficient, made by Be Prony 0*0000173, and by Eytelwein 0*0000222 ; 
h = a coefficient, according to Be Prony 0*000348, and by Eytelwein 0 *000280. 
When r is given, the discharge will he ascertained by the formula 
•jtB^ -ttB^ 

Q =: g ; in which S = -r— = the sectional area of the pipe. 

Odnieys gives a convenient formula applying to the case of a pipe of uniform dia- 
meter receiving its water from a reservoir at a high level, and discharging it constantly 
into another reservoir at a lower point. It is 

■■ .H + f-IP ■■■' 

Q = c A / *”■ — z — B in which 


0*0062 + 2871-44 - 
- - 0-025. 




Q = the quantity to be discharged; B = the diameter; 

X = the length of the pipe ; C = the difference of level between the extreme 
orifices ; 

H and H' = the heads upon these orifices respectively ; 
c = a coefficient varying with the velocity of the water, as follows : 


Velocity per second 2 in. 4 in. 8 in. 12 in. 16 in. i 20 in. j 78 in. 


4 in. 

8 in. 

17-22 

[18*83 


The formula given in Beardmore’s Tables is, however, more simple, and sufficiently 
accurate for practical purposes. It is given to ascertain the discharge when the 
diameter, the head, and the fall of the pipe are known, but of course everybody who 
is accustomed to the use of formulae can ascertain the other terms of an equation if 

only one be unknown, The formula is y.J!L.y in which d = the diameter in 

feet, h » the .head in ffiet, and I = the length also in feet. Mr. Beardmore gives 
another forpiiila to be used when the head, length, and discharge are given to find 


the. diameter ; it iso; = 0*235 


L, in which I and h are as before, and g = the 


quantity 'be discharged. He has calcnlated the results of the application of these 
fomuH hie found in his very valuable series of Tables. 

A very .allcr!^ has usually to be made in practice, on account of 
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ascertained by tlie formula 

i3=!i!fO’0039-+0-01S6\2. ^ 

2y V 5* Jr 

p — tbe loss of bead, owing to tlie bend ; 

M ~ the mean Yclocity in the pipe ; 
r = tbe radius of tbe axis of tbe bend j 
a = the development of tbe are formed by tbe axis. 

From tills it would appear that p is proportional to the square of the mean velocity 
and to tbe length of tbe arc,*— -it is a function of the radius, and indepondent of the 
diameter ; and that diminishes in proportion as y increases. 

It is usual to make r of the following dimensions when side mains branch off from 
a leading one; . 


Diameter. . 

2 to 3 in. 

3 to 4 in. 

6 in. 

Sin. 

10 ill. and upwards. 

Eadius .... 

1 ft. 6 in. 

1 ft. 8 in. 

2 ft. G in. 



3ft. Gin. ' 

5 feet. 


Beardmore gives as the formula upon which his Table of the Friction of Bonds was 
calculated, 

h = 51 sine ^0*003, 

in which A = the theoretic loss of head ; v = the mean velocity ; 52 , = the number of 
bends if their angles he equal ; or if they diffei’, then v will ho multiplied by the 
sum of their sines, and the product by the coefficient 0*003. Beardmore also 
observes very Justly, that the loss of head varies not only according to the size of the 
angle, but also to the volume to he carried ; and that the square root of the hydraulic 
mean depth will the most correctly express the variable term of resistance, and the 
loss of head should be divided by this quantity, to give the real resistance. Accord* 

ing to him the formula for pipes becomes then, h = ; he has calculated 

a Table whose results are sufficiently accurate for any practical purposes, upon these 

■ ■ ' data.' ' ■ ■ 

In vertical bentls, the rate of delivery is further diminished by the collection of the 
air in the upper portion, and by the retanlation of the flow occasioned by the fact 
that a definite proportion of the dynamical effect of the head is absorb in overt 
coming the resistance of the column of water to be lifted on the lower side of the 
bend. To obviate these inconveniences, it is necessary, firstly, to place air-vessels 
over the upper parts of the bend; and either to increase the diameter of the pipe 
before arriving at it, or to accelerate the flow in the portion above the bend. 

Depth of pipos In positions where main feeding loipes are exposed to shocks or to the action of 
necessary to cover them carefully with earth or sand. Usually they are 
laid about four feet from the surface. It may frequently be necessary to lay down a 
double line of pipes, with occasional communications, to insure the supply when any 
repairs are required. In pipe-conduits of great length, the head will exercise very 
different effects at the upper and lower extremities, so that it may frequently be 
advisable to vary the dimensions and thickness of the pipes. The form of the nozzles, 
or sluices, will often exercise a oonsideralfle influence upon the rate of flow,-^Ed ia 
fine, there are so many disturbing causes likely to interfere with the sucoessM a^lioa 
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Reservoirs. 




of sTicli pipe-conduits, tliat it is impossible to dwell too strongly upon tlie necessity for 
studying tbeir most unimportant details. 

Hitherto -we have only considered the case of a supply obtained from perennial 
springs at sufficient height to allow the water to flow by gravitation. But in the first 
place, there is almost always a great variation in the rate of supply by the springs, 
and in the consumption, which renders it necessary to equalise the flow by storing the 
excess of some seasons of the year against the want of others. In order to prevent 
the water thus stored in the resersmirs from becoming stagnant, it is advisable that 
they should he traversed hy a running stream. The sides and bottom should be, as 
before said, in masonry, or of some material which would not be likely to contain the 
soluble salts ; and if near towns, or in countries where the heat is great, they should 
he covered over, if that course could he adopted within any reasonable limits of 
economy, because the difference in the cost of covered and open reservoirs is enormous. 
Open reservoirs for water supply may be constructed at an average rate of £600 per 
million gallons in the greater number of localities in our own country ; the only large 
covered one erected of late years for that purpose cost £‘1000 per million gallons. It 
must then be a question to be considered whether the extra expense be absolutely 
■ required.'-. 

The dimensions of the retaining walls of these reservoirs will be ascertained by the 
rules already given. A horizontal circular section is not only the most economical, 
insomuch as it contains the greatest surface within a given development, but also 
because its form is the most fitted to resist the thrust of the earth, when the reser- 
voir is to be sunk in the ground. The floor of these reservoirs must be* inclined 
towards a scouring or cleansing pit, and in addition to the induction and eduction 
pipes, it must have a pipe at the bottom of the cleansing pit, to be closed by a valve, 
aiid an overflow pipe. It is advisable also to establish a communication between 
the induction and the eduction iflpe, in case any repairs should be wanted in the 
, reservoir, ^ 

The capaeity of what may be called / compensation reservoirs’ must of course 
depend upon the variations in the supply, ^ — in fact, according to whether they be fed 
by shallow or deep-seated springs, or by the collection of surface waters, and also to 
the rain-fall of the district. The latter is very variable, not only according to the 
seasons of the year and the latitude, hut also according to the elevation of the par- 
ticular locality, so much so as to render it dangerous to lay down any jiriori 
rule. ExpenenCe in our own country has, however, shewn that a supply equal to 
six months’ consumption is required to be stored in the wet season, to insure the 
means of an undiminished distribution in dry weather, whenever the water is collected 
from the surface. It is also very questionable whether, on the average of a great 
number of years, it be possible to depend upon obtaining more than ith of the rain- 
fall in any oounti 7 exposed to long intervals of dry weather, however well the drainage 
may be performed. The very remarkable works executed by Mr. Thom at Greenock 
were designed so as to store six months’ supply, even in the comparatively very wet 
district of the Western Highlands of Scotland, The results obtained in the several 
canal reservoirs confirm Mr. Thom’s precaution. 

It may happen, however, that although the yield of the springs from which the 
supply may be derived may be variable, they may yet possess a degree of constancy 
in their flow essentially different from the rain-fall. Thus, if the streams be given off 
from a geological formation of great thickness and with a great capacity for water, it 
wfll be^oane^to a variable extent, according to the circumstances of the case, a natural 
reservoir^ , ^ Bpng continued observations are therefore required to ascei*tain the extreme 
yariations ; for It tq:]^ observed that as water-works are designed to insure a supply 
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under tlie most unfavouraHe circumstances, it is more necessary to know tlie minimum 
yield of the source of the supply than the average. In England, the average cycle of 
the seasons is of about seventeen years’ duration ; no gangings of streams, then, are 
worthy of notice, unless they extend over that length of time. The different con- 
ditions of the permeability of the water-bearing stratum will also so far affect the rate 
at which the rain water can reach the springs, and the proportions of the water passed 
into the earth or evaporated from the surface, that it hecomes even more impossible to 
reason d jpnon oir the subject of springs than it is upon that of the rain-fall. 

Methods Jo^bo ft very frequently happens that large centres of population are seated upon the 

iupply li at a banks of rivers whose waters are perfectly fresh, whilst at the same time no source of 

low level, sufficient abundance can be found at an elevation such as to allow of its distribution 

by gravitation. London, Paris, Philadelphia, and numerous other cities, are in this 
position, and it hecomes then necessary to raise water by artificial means. In the 
large quantities required for a town consumption, the choice of the mechanical powers 
is narrowed to either water-power or steam-power, and local circumstances must 
always decide which should he adopted. Wherever it is possible to obtain sufficient 
power from a stream, there can be no doubt but that a water-wheel will be the most 
economical ; and in such cases as the town of Richmond in Virginia, Philadelphia, and 
Toulouse, it has been successfully applied. But in other cases, either from the inter- 
ference of tides, from the irregularity of the fiow in summer, or the ice in winter, 
steam-power is indispensable ; and, in fact, the improvements in the steam engine, 
combined with the diminished price of coals, have led in most cases to the substitution 
of steam-power for water-power. 

Engine-power. Engineers at the present day appear to he agreed \ipon this point, that when the 
power of the engine required to raise the water exceeds 20 to 25 horses, the Cornish 
pumping-engine is the most advantageous. Below that power the first cost of the 
engine becomes comparatively so much increased that it is preferable to employ a more 
direct-acting engine. The economy of working Cornish engines, moreover, hardly 
exists when they are small. 

In the article upon Water Meadows (an/e), in Mr. Wicksteed’s account of the East 
London Water-Works, his papers on the Cornish Engine, and in Mr, Poole’s valuable 
treatise on the latter subject, will be found more copious and useful information. 
The reader is also referred to Mr. Hawksley’s evidence before several of the late 
Parliamentary Committees, to the account of the Public Works of America, and to 
B’Aubuisson’s account of the Water- Works of Toulouse, for much interesting and 
practical matter connected with the raising of water. 

The power required either for a steam or water-wheel pumping establishment, is 
ascertained by calculating the horse-power upon the basis of 38,000Ibs. lifted one foot 
high per minute, and the resistance to be overcome by multiplying the number of 
gallons to be raised per minute by the dead lift, plus an allowance for friction, which 
is usually taken at 12 feet per mile, unless there should he any important vertical bends. 

Rottliiig rcsor- Whatever be the motive power adopted, it is almost always necessary, when the 
source of supply is a large river, to form settling reservoirs, in which the waters may 
deposit any matters they may contain in suspension, and also very frequently to con- 
struct filters for the greater purification of the waters. The dimensions of the settling 
reservoirs must depend to a great extent upon the greater or lesser degree of purity 
of the waters ; those of the filters depend upon, firstly, the mode of filtration adopted ; 
and secondly, upon the head of water acting upon the medium. Three days’ supply 
is the minimum which ought to foe admitted for the former : the rate of filtration 
varies from 7o to 200 gallons per foot superficial, per day, of the surface of the 
filters. 
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Enters. In tlie settling reservoirs the effect produced upon the water must principally be 

mechanical, for it rarely happens that the water is kept long enough in them to allow 
of any efficient chemical action. In the filters the action may be either chemical or 
mechanical, hut the expense attending the former is so great that it is hardly possible 
to develop it upon the scale required for a town supply. Hitherto, no ingredient has 
been discovered which possesses the disinfectant properties of the animal charcoal ; 
but as it is necessary that the water to be filtered through it should previously have 
been cleared fironi the grosser particles in suspension hy passing through a coarser 
description of filter^ and that subsequently the water should again pass through some 
other filtering medium to insure its freedom from any particles of charcoal, we may 
safely consider that so complicated a process is beyond the reach of the public purse. 
A supply taken from the most perfect mechanical filter with as great rapidity as the 
latter can yield it, will in almost every case satisfy, not only the public demands, but 
also the real exigencies of the case. 

There are sevei’al kinds of mechanical filters, of which the system adopted by Mr. 
Thom, at Eaisley, that of the Chelsea "Water- Works, that used at Nottingham and 
Toulouse, and the recent application of filtering slabs, whether natural or artificial, 
are the most important. Of these, the system used at Nottingham and Toulouse is 
the most economical when the bed of the river is formed of materials suitable to its 
application. It consists in the construction of filter-tunnels in the sand upon the 
banks ; the water becomes purified by the fact of the adventitious matter being 
retained in the bed of the river, from which it is washed away by the action of the 
stream. If, however, the river carry down mneh clay, such tunnels will hecomo 
choked in a very short time ; if the sands contain any salts of iron, lime, or niti’e, the 
water will be affected by them. It rarely happens that rivers roll upon beds of pure 
silicious sand, and even when this is the case, Dr. Clark’s objections are still valid. 
He noticed, that near dlasgow, where many of these filters are in use, springs often 
rise into them from below, and bring waters of very different qualities. The level of 
the tunnels being fixed, whilst that of the water varies according to the state of the 
river, the rate of filtration must vary also, and in summei’, when the 'consumption 
would naturally he the greatest, the yield would be the least. These filter-tunnels also 
must he exceedingly difficult to clean on account of the very nature of the materials, 
and their application must for the above I’easons be confined to such localities as pre- 
sent the peculiar geological characteristics stated to be requisite . 

The filter deserihed by Mr. Thom as having been executed by him at Paisley 
appears to he the most theoretically perfect, inasmuch as from the fact that the last 
stratum of the filtering medium traversed is composed of a mixture of sand and 
charcoal, the operation must he, to a certain extent, chemical as well as mechanical. 
The system maybe described as follows, nearly in the words of Mr. Thom : ^^The 
site of the filters is on a leVel piece of ground, excavated to the depth of 6 or 8 feet, with 
impermeable retaining walls and bottom. The whole of this bottom is divided into 
drains 1 foot wide by 5 inches deep, hy means of fire-bricks laid on edge, and covered 
with flat tiles perforated with numerous small holes, like those used in malt-kilns. 
The perforated tiles ate covered to the depth of 1 inch with clean grarel, about 

inches in diameter ; this is followed hy five other layers of gravel, each of the same 
depth, and each succeeding layer a little finer than the preceding one, the last being 
coarse sand. Over this wery clean, sharp, fine sand, 2 feet deep, is placed, and about 
8 inches of this fine sand, near the top, is mixed with animal charcoal.” Some 
details with the overflow and the discharge-pipe, which will be found in 

Mr. complete its arrangement. 


Mr. Thom made seme observations upon the effects of the substitution of the 
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amygdaloidal rocks found near Paisley for the animal charcoal, tvMoh conim tlie 
theory propounded by Professor Way upon the chemical action of certain soils. It 
■was noticed that the amygdaloids were capable of removing traces of peat nearly as 
effectually as the charcoal | animal matter also was separated hy them. Phere is 
little reason to doubt but that the affinity between the silicate of alumina and the 
vegetable and animal matters in combination with the water is sufficient to pause 
these to leave the latter and to form new compounds with the silicate of alumina, 
which is the base of the amygdaloids. Professor Way noticed that clay, a hydro- 
silicate of alumina, acted in a similar manner, and Mr. Hassall arrived at the conclu- 
sion that both animal charcoal and mild strong clay are perfect with respect to their 
power of retaining the solid matters, dead or living, found in every description of 
water. Mr, Hassall also found, on the application of tests, that neither of those 
substances shewed any trace of sulphuretted hydrogen. However, this branch of 
chemical inquiry is still in a state of considerable uncertainty, and the means of 
removing with equal facility any excess of the bicarbonates, and the sulphates, of lime 
are still to be discovered, 

Phe Chelsea filters are established upon a plan which is, perhaps, the most univer- 
sally applicable, because the materials employed are found almost everywhere. Mr. 
Quick describes them as follows Pile process of cleansing consists of a series of 
reservoirs of subsidence,— large open reservoirs between 4 and 5 acres in area, and 
13 feet 6 inches deep, faced with gravel. Phese reservoirs have an invert of brick about 
6 feet wide, and 3 feet G inches deep, laid in cement. The depositing reservoirs are 
made to hold four days’ supply, and the filters iilaccd by the side of them are 
composed of — Istly, coarse gravel, about 1 foot deep : 2ndly, a stratum of rough 
screened gravel, about 9 inches deep : 3rdly, a stratum of fine screened gravel, about 
6 inches deep : 4thly, fine gravel, 9 inches deep ; fithly, fine washed river-sand, about 
3 feet 6 inches deep. The water permeates these materials, and is drawn off hy means 
of brick tunnels to the well of the pumping engine.” The objection to these filters 
is, that they require a large surface and a considerable amount of earth- work, for, in 
‘ addition to the depth of the sand and tunnels, it is necessary to have a certain depth 
of water upon them to act as a head. It is upon this account that it appears more 
than probable that considerable advantage would result from the substitution of 
filtering slabs for the layers of sand and gravel. There are many natural stones able 
to perform this office, such as the lighter and more scoriaceous volcanic rocks, some 
of the coralline limestones, and where these do not exist recourse may be had to 
llansome’s process, by which a porous sandstone can be made of any degree of coarse- 
ness or fineness required. All these stone filters are, however, necessarily exposed to 
be choked by the matters they sepamte, and preoMy ia the proportion of the 
perfection of their action. It is therefbre necessary to protect their faces by a thin 
layer of sand, to be removed as often as is required. 

It was formerly the universal practice, after the water had been purified either by 
deposition or filtration, to raise it into reservoirs called * service reservoirs,’ placed at 
sufficient altitudes to allow the mains to be filled by gravitation. Of late years, how- 
ever, a system has been introduced by wliich the water is pumped directly into the 
mains, and the excess, beyond the quantity drawn off for household purposes, passes 
on into the service reservoirs, which become under this system, in fact, regulating 
reservoirs, for their use is to store a sufficient supply for the period when the engines 
are not at work, and to provide against any minor accident. The principal danger 
attending this system arises from the frequent hydraulic shocks to which the pipes 
must be subjected by the opening and shutting of the house services : but this may 
be obviated to a great extent by laying secondary mains, called ridel's, near the 


760 


WATER SUPPLY. 


leading ones, "apon wliicli tlie lioiise services would be raised. Especial care must also 
be taken tliat tbe movement of tbe water, as it leaves the air-vessel of the engine, be 
as regular as possible. In spite of all these pi*eeautions, however, the flow towards 
the upper end of the mains must be exposed to fluctuations of a very unequal nature, 
especially when the pipes are always under charge, and the consumption takes place 
directly from them, on what is called the constant delivery system. Experience 
alone can decide upon the value of this new system. 

The terms constant and intermittent supply have reference to the details of house 
service, to which we shall have occasion to allude in onr notice of that portion of the 
. 'subject.' . 

Stand pipes. In some cases, whatever he the manner of feeding the distributing mains, the water 
is raised, immediately after it leaves the air-vessel of the engine, over a stand pipe, 
or a vertical pipe sufficiently lofty to form a head able to discharge the water into the 
reservoir ; the head must then he equal to the dead lift, and, in addition, he such as 
to overcome the friction on the road. At the East London Water-Works a great 
portion of the district used to he supplied hy the stand pipe without tbe intervention 
of any reservoir ; but this course is ohjectionahle on the score that the engines are forced 
to raise the largest quantity of water which may he required in any given period of tlie 
day. They must therefore he of a power equivalent to the greatest, not to the average 
consumption of water in the district. A considerable portion of the steam-power 
w’ill thus he unemployed during great part of the day, or, in other words, the engines 
will require to he more powerful than they would he if a service reservoir were used. 
The determining motive with respect to the use of stand pipes must he economy ; for 
in many positions, as in the larger part of the East London district, a reservoir at 
sufficient altitude could only be constructed at a great cost. At the present day the 
steam pumping engine lias been so much improved, and rendered in fact so automatic, 
that both stand pipes and service reservoirs have been dispensed with in the East 
London and the Kent Water-Works. 

The dimensionB of the service reservoir will necessarily be regulated, firstly, by the 
amount of the consumption, and secondly, hy the nature and power of the steam 
engine. If the latter he of a description liable to interruptions in its action, or if the 
source of supply be exposed to irregularities, as in the case of a tidal river, or of one 
in which freshets occur, it is necessary to make the service reservoir of a capacity 
sufficient to insure the continuity of the flow during the periods of interruption. 
Should the configuration of the country he such as to render its construction easy 
and economical, it may be advisable to make it sufficiently large to hold about three 
days’ supply in climates analogous to those of the South of England. But there is 
always something objectionable in keeping water in a stagnant pool, especially near a 
large town. It must be exposed to be affected by the impurities in the atmosphere, 
unless covered ; and the expense of covering such reservoirs is so enormous as to pre- 
clude their use on an extensive scale, unless in certain very exceptional cases. In the 
greatest number of instances it will he fonnd sufficient to make the service reservoir 
of adequate capacity to hold water enough to supply the consumption during the 

. hours that the engine may not he at work, or to enable it to raise the water hy an 

eqnahle effort during the working hours. For this purpose a reservoir able to hold 
one-quarter of a day’s supply will he all that is usually required. 

V, Jt win be necessary, in case the reservoir he made upon this principle, to provide 
dujdicate engines, or, at least, to have a sufficient number of duplicate parts in 
constofesrea^fiss to be enabled to repair any accident at the slightest notice. The 
supply wilk lab: tp. a certain extent liable to be interrupted; but, on the other hand, 
reservoirs of diinmlcSGis so ascertained could usually be covered with economy. 
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In many FrencH towns, the water is raised into a tank situated immediately ahoye 
the engines, the tanks serving, in fact, as the upper portion of a stand pipe, as an air- 
vessel, to discharge any air raised with the water, and, at the same time, as a distri- 
buting reservoir. Over a water-wheel, as at Toulouse, this arrangement may succeed, 
provided that the machinery he of a nature not exposed to accidents or to require 
frequent repairs. But unless the tank be made of considerable dimensions, such as 
wonld be required to render it a service reservoir i-egulating the Sow, evidently the 
mains could only he charged so long as the machinery was working. In England 
and in America, the praotice*hitherto has been to establish large open-service reser- 
voirs, but of late the more economical method of using smaller regulating, covered, 
reservoirs has become more general. In this particular detail, as in all others con- 
nected with engineering, it must again be borne in mind that no absolute rule can be 
laid down. Local circumstances must eventually decide what system should be 
adopted, so as to secure the most efficient supply at the least cost. 

The municipal distribution of water may be effected in various manners, according 
to the habits of the population to be supplied, and to the influence of climate upon 
snob habits. 

In England, and also in the Korthern States of America, the distribution is usually 
effected from house to house ; on the Continent, and generally in warm climates, 
large quantities of water are discharged by monumental fountains, or are made to 
form rills in the channels of the streets, whilst house services are comparatively 
unknown. House services, again, may he either at high or low pressure ; or the 
supply may he either constant or intermittent in its mode of delivery. As the system 
adopted upon the Continent is the most simple, and the most adapted to the habits 
of the population of our Colonies, it will be the first we shall examine, especially as 
the others differ from it merely in questions of working detail. 

The ancient water- works upon the Continent, like many in our own country, dis- 
tributed the water by means of wooden or pottery pipes, but in almost all cases cast 
iron has been substituted of late years for the principal pipes, and the smaller ones 
have been made of lead. 

The formula which is applicable to the movement of water in a pipe passing from 
one reservoir to another ceases to he so when there is a series of side branches or of 
mains deriving the water reciprocally from one another. There is an important 
modification produced by the friction of the junctions and by the constant changes in 
the effective head, owing to the opening of the distributing pipes. During the course 
of the distribution, necessarily a difference will occur in the quantity to be discharged, 
owing to a portion being withdrawn for the branch pipes. It becomes requisite then 
to diminish the mains in the latter part of their course ; but it must be borne in 
mind that up to a certain point it is economical to employ pipes of the same 
dimension throughout, for the cost of models may exceed the saving on the metal 
of the pipes. This question of detail, like all others, must he resolved by comparative 
estimates. 

It is necessary, before deciding upon the dimension of a main pipe, to ascertain not 
only the existing demand it may be required to satisfy, but also the eventual extension 
of the demand, either by an increase of population or by the establishment of new 
factories. 

In an isolated pipe receiving water from a reservoir at a higher level and dis- 
charging it at a lower one, the discharge may be calculated by the formula given 
above (p. 754). 

Q = C A / - -y-' D**, in which 

3 n 
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Q = tlie qimiitity discharged per second ; 

\ = the length of the pipe ; 

B = the diameter ; 

f — the difference of level between the extreme orifices ; 
H and H' = the heads upon these orifices. 
c = the coefficient derived from the Table. 


Illustrations of 
mode of calcu- 
lating s zes of 
delivery piises. 


But, in a distribution, the water meets with several resistances, which tend to 
diminish Q : they may he stated as follows : 1, the usual friction upon the sides of 
the pipe must be allowed for ; 2, the effect of bends must be calculated • 3, the 
retardation of the flow arising from the change of direction from the main to the 
submain, or to the branch pipe, must be taken into account; 4, the species of gurgi- 
tation at every Junction will also serve to diminish the yield. 

The manner of calculating the two first resistances has been shewn. As to the 
third, it may be calculated upon the principle that when a fluid in movement in 
a pipe passes into a side branch, forming with the main an angle 
leaving out of account the other forces acting upon it, will only be 'v cos A As it is 
usual to make the seat of such branches at right angles to the main, the effect pro-' 
duced is to destroy any advantage arising from the velocity in the main, and to reduce 
the head merely to that existing in the latter at the point of junction of the branch. 

MM. Mallet and Gdnieys tried some experiments to ascertain the effect of the 
fourth-named resistance, or the gurgitation, from which it would appear that the loss 
of head it occasioned was e(iual to twice the height due to the velocity of the water 
in the branch pipe. 

1. Practically, the following illustrations, given in Claudel’s * Pormules h T Usage 
des Ing<imeurs,’ of the manner of calculating the distribution in to wns, will be found 
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to be sufficient to serve as models. Let it be proposed, firstly, to supply a district by 
means of a pipe of an uniform diameter throughout its length, and discharging the 
water at certain ^ints by means of stand pipes constantly flowing in a similar manner 
to the ^ borne fontaines’ of Paris* 

The diameter of the pipe must be such that the head should be sufficient at each 
opening to deliver the water at a few inches above the point of discharge. The 
diameter is ascertained by supposing it to be of any definite dimension ; the loss of 
head is calculated for the distance between a and b, and the effective head at b is 
thus determined by deducting the loss from the initial head ; this effective head must 
be sufficient to insure the delivery of the water at the orifices upon b. The loss of 
head between b and o is ascertained in a similar manner, observing that the volume 
discharged by the main will be diminished hy the quantity withdrawn at b. This 
loss of head, deducted from the real effective head previously determined for b, will 
give the effective head at o, which, as before, must suffice to supply the orifices upon 
that submain. Proceeding in this manner with the branches n and e, it will be found 
Whether the head existing at the separate branches will be sufficient to insure the 
discharge. of water at the several orifices. If this head should not be sufficient, it 
will be necessary to try a larger diameter ; if it be in excess, a smaller one must be 
adopted. 



botlx endsj Md supplying ia its course certuia orifices able to disebargc definite 



quantities. In sucli a case tbe orifices are supplied, some entirely from a, and some 
entirely from a, and it may happen that one of them, n, will receive its supply 
partially from the one or the other. 

!fhe diameter of the main in either of the parts n a and n G must be such that the 
head at the entry of 3 > should he the same from either side. It is necessary to ascer- 
tain it by trial, as in the previous instance, and for this purpose some diameter is 
assigned to both da and d g ; after deducting the loss of head occasioned upon either 
of them by the branches b, o, d, and f, the remaining effective heads upon the 
J respective portions of the main at d will be determined. Should they not be equal, 

one or both of them must be altered, as the results obtained may indicate, 

8. When the distribution takes place by means of a conduit of different diameters, 

i it will be found that the system indicated in the first illustration will satisfy the 

i required conditions; because the diameters of the pipes are constant between two 

I successive openings, and the rate of delivery is also uniform between them. It is 

necessary, however, in calculating the loss of head to allow for the difference of 
diameter in the pipes. 

4. Should the supply main derive its waters from two pipes whoso delivery is 
known, and should it be desired to determine the diameter of the pipe a b, so as to 
insure a particular distribution upon its length, the course to be followed would bo as 


I) 

follows : a certain diameter is assigned to a b, and as its discharge is known, and the 
difference of level between A and b is also supposed to be known, the effective head 
at A necessary to insure these conditions will easily be obtained. If, then, the 
diameters of a and b be supposed, as the volume to be supplied by them is known, it 
is easy to calculate the loss of head upon each of them, i’om the initial heads at o 
and D, so as to arrive at the effective head produced by them at A, Ms head should 
be the same for both pipes, and equal to that required to secure the delivery already 
supposed to take place between a and b. If the respective diameters should not bo 
such as to insure these conditions, they must be modified. 

If the supply by the two conduits c A and d a were not fixed previously, the 
quantity to be furnished by them might be made to vary as well as the diameters of 
the pipes, but of course always within the limits of the discharge hy means of ab. 
Under all circumstances, the head at A must be the same for the two conduits, and bo 
sufficient to produce a satisfactory fiow in the part between A and b. 

Passing from these theoretical considerations, wo may dwell in detail upon the 
system of distribution adopted in Paris as a good illustration of the best of the very 
imperfect town supidies executed by Contmental Engineers. 

!rhe supply is derived from five sources ; the spring waters of St. Gervaxs and 

3 1)2 




Description of 
a coiitiuciital 
distribution, 






764 


WATER SUrPLY. 


Belleville ; tlie springs bronglit into tlie town by the Aqueduct of Arceuil ; the waters 
pumped from the Seine directly, either by a water-mill upon one of the bridges, or 
by a steam engine at Obaillot ; the waters brought in by the navigable Canal de 
rOurc; and, lastly, from the Artesian well at Grrenelle. From these different 
sources, a total quantity of about 244 Juillion gallons per day is brought into , 
Paris, or above 20 gallons per head, if the population he considered to he about 
1 , 200 , 000 .* 

Of these sources the most important is the Canal de rOurc, which supplies four- 
fifths of the total consumption. It arrives in Paris at a height of about 166 feet 
above the summer level of the Seine, and is thus able to distribute its waters by 
gravitation into almost every quarter of the town. An aqueduct, of which we have 
already given a sketch, is continued round the hills, forming a kind of amphitheatre 
on the north side of the town, and a smaller aqueduct is constructed upon a spur 
projecting into the quarter of St. Laurent. The mains are led from these aqueducts 
to a series of reservoirs in the most commanding positions in the different parts of 
the town, five in number, of an average capacity of 1,540,000 gallons each, in round 


•i 

! 

j 

£ 


numbers. 

During the day-time, the water, instead of passing from the canal to the reservoirs, 
is diverted into the suhmains and allowed to flow from a series of small stand pipes 
into the gutters by the side of the footpaths ; at night, these stand pipes are closed, 
and the water passes into the reservoirs, where it is stored for the supply of the parts 
of the town not immediately upon the line of mains. These stand pipes are called 
^ lorm /ontomcs,’ and are entirely at the cost of the municipality. They flow at 
three separate intervals during the twenty-four hours of an hour each, or during three 
hoars i:>er day, and dischai’ge about 660 gallons per day in the summer months ; 
they only play two hours per day in winter. As in Baris the custom prevails of 
discharging all household rubbish, such as we consign to the dust-bin, into the street, 
and as near the gutter as possible, this mode of distribution is necessary to clear 
them 5 and at the same time the flow of the water cools the air in the close streets, 
fifom which the sun’s rays are reverberated with singular intensity on account of the 
materials used in the construction of the houses. Up to 1846, no less than 1600 of 
these fountains existed, and they were placed at a distance of about 410 feet apart, 
upon the mains ; and wherever it was practicable, they were placed at the culminating 
point of a gutter, so that the water might flow in two directions, and enter into the 


sewers as rapidly as possible. 

In addition to the * borne fontaines,’ from which anybody is allowed to draw water, 
there are other fountains called ‘ fontaines hanales,’ from which the public is entitled 
to take water gratuitously, as are also the water-carriers who sell the water by pails. 
Other distributions, called * fontaines marchandes,’ often provided with charcoal 
filters, furnish the water-carriers who employ carts. Stand pipes to supply carts for 
watering the streets in summer, are also placed at average distances of about 1640 feet 
apart. These are used, on the average, 135 days per annum, and it is found that 
about 14 pint per yard superficial will suffice to insure a satisfactoiy service, which 
in summer must take place twice a day. The system of the hose and jet, lately so 
much praised in England, has been tried and found to he far too irregular in its effects, 
besides annoying the passengers. 

Distributions for trade purposes and for household consumption also take place. 


The pqiwAatjbn of Baris is now 1,600,000 ; but the quantity of water has not materially 
changed since the aTaove was written. There are, however, great froJecU under discussion for 
m increase of B. B, 
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"but tlie latter are not under such condition of pressure as to carry the water to a 
point above the level of the first floor. 

Ornamental fountains are placed in conspicuous positionsj with a view also to secure 
as great hygienic effects as possible ; from some of these the public and small water- 
carriers are allowed to draw water gratuitously. 

Suob, with a few modifications, principally in the manner of bringing the supply 
from the source to the point of distribution, is the system adopted in franco, Spain, 
and Italy. It is very defective, according to our notions of domestic comfort, and 
certainly not such as to induce habits of cleanliness ; for moderate as the charge upon 
the sale of the water may be, the necessity of paying, as it were, for every pailful 
used, must check the copious employment we are accustomed to. The amount of 
supply, stated to be 20 gallons per individual, above quoted for Paris, is also very 
fallacious, so far as the real personal consumption is concerned j for more than half 
of the quantity hronght in is used for the * borne fontaines’ and the ornamental 
waters, and from the remainder it is necessary still further to deduct the quantity 
used for trade purposes. 

It may be interesting to state the quantity of water consumed for some j)rivate pur- 
poses, which has been observed by French engineers. 


A bath I'equires on the average . . . . . 

A horse requires per day . . . . . . . 

A two-wheel private carriage per day . . . 

A four-wheel ,, ,, ,, . . . 

Each individual per day . . . . . . . 

Every yard superficial of garden ground per day 
Every yard superficial of railway, per service , 


75 gallons. 
ie-5 „ 
8*8 „ 
IC'S „ 
4-4 „ 
0*^3 ,, 
0-22 „ 


The quantity allowed for human consumption is small in comparison with our 
English notions ; but it would appear that in reality our town population, even in the 
driest summers, does not consume more than about 8 gallons per head per day of 
24 hours. ' 

Sstrih^tkfif^** country, until within a few years, the greater number of towns were 

supplied with water at low pressure, and at stated intervals, excei)ting when local 
Low service. circumstances allowed a constant distribution by gravitation. In these cases the 
water was brought into the houses by lead pipes, branching upon the mains in the 
street, and leading the water into cisterns, where it was stored until used, 'or from 
which it was raised by force-pumps to any greater altitude the householder might 
require. Improved domestic habits have rendered it so necessary to command a supply 
High service. even in tlie highest parts of the houses, that it is found now to be more economical to 
obtain it by a general system, by which the water amves under sufficient pressure to 
insure its delivery at such points. The extra height to which the water is thus 
carried being usually overcome by steam-power, necessarily gives rise to an increased 
outlay, and thence the distinction and the difference of charge for a supply upon wbat 
are techmoally called the higher low service. In London the low service is usually 
understood to mean that the water is delivered at heights varying from 6 to 9 feet 
above the roadway; the high service is usually comprehended within a height of 
30 feet above the same level, and includes every delivery above the 6 or 9 feet of the 
particular district. 

Constant At Kottingham and in some other towns a system has lately been introduced, under 

supply, ’which the mains and service pipes are kept always full, and water can be drawn in 

any quantity : the latter can discharge at all times of the day or night,-— this is called 
the constant system, and it is principally to that able engineer, Mr. Hawksley, that 
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tBe public is iudebtccl for the amelioration it produces. It will at once be percemd 
that with such a distribution there can be no occasion for cisterns, and that the water 
will, with a few precautions, be hept in a state of purity which it is impossible to 
attain when stored in those receptacles. 

Por the intermittent supply, the formulte and the observations already given or 
made, with reference to the continental manner of distributing water, will apply ; for 
under it the only real question to be solved is, how to supply a given district by means 
of pipes, delivering water at stated periods, by services flowing at certain definite 
periods ? On the constant supply, however, the question is more complicated, owing 
to the irregularity of the consumption. This is stated by Mr. Marten (‘ Eeport of the 
Board of Health on Water Supply,* Appendix 2, p. 67) to vary as follows 


Time. 

Per-ceixtage of gross 
consumption. 

Time required to deliver 
total consumption. 

Between 6 and 7 a.m. 

3*735 

boura. 

26-77 


5-209 

19*19 

„ 8 „ 0 „ 

6-192 

16-14 

,> 9 .. 10 » 

6*438 

15*53 

„ 10 ,,11 „ 

7-076 

14*13 

,, 11 ,,12 ,, 

7-764 

12*88 

,, 12 ,, 1 P.M. 

5*995 

16*68 

,, 1 ,, 2 ,, 

5-946 

16-82 

2 ,, 3 ,, 

6-38S 

15-64 

f) ^ }} ^ ff 

7-862 

12*72 

b, 4 „ 6„ 

5-209 

19*19 

3> ^ J J ^ if 

6-290 

15-90 

ff ^ ^ }f 

3-685 

27*13 

„ 7 „ 8 „ 

5-012 

20-00 

,, 8 ,, 9 ,, 

3-047 

32*81 

„ 9 ,, 6 A.M. 

14-152 

68'26 


So that the greatest consumption appears to take place between 11 and 12 a.m. and 
S and 4 

Mr. Hawksley (p. 43, vol. 2, * First Eeport of Committee on State of Barge Towns ’) 
states, that in order to meet this irregularity, he divides the length of the main in a 
street into lengths of 200 yards, and assigns to each the quantity to be delivered, sup- 
posing it to be discharged in four hours. Allowing 4 feet for the loss of head for 


every 200 yards, he calculates the diameter hy the formula i \ 


’ df in which 


the diameter sought ; 

7 = the length in yards ; 

A == the head in feet ; 

q = the quantity in gallons to be discharged per hour. 

He also adopts, to aseextain the power required to overcome the friction, the 
formula P »= ^ which d = the diameter ; P =*= the power; Q «= the delivery ; 

and Z = the length. 

The constant delivery system, it is fair to state, has many able and conscientious 
opponents, and doubtlessly it would in many cases be injudicious to destroy an existing 
syWsa of works, if established on a large scale, for the introduction of a more perfect 
mod:e“'#,‘iji^||y. This, like so many other questions, is, after al3, one of economy to 
a great though mere monetary considerations should be allowed little weight 

against tho^ Aielfeg -public health. The appreciation of the degree of importance to 




'.water-wheels. 

be attached to eitlier of tlie detei'inhiing motiYes forms one of tlie most delicate 
brandies of tbe professional duties of an engineer. 

If, lioweYer, 170 state tlie tbeoretical conditions to be fulfilled by a town supply, on 
tlio supposition that notliiiig lias Mtlierto been performed towax’ds its execution, it 17111 

be easy to ascertain tlie modifications advisable under any given circumstances. 

Tbe purest water ougM to be conducted to a small service reservoir, covered, and 
at a beiglit sufficient to discliarge tbe w'ater at any part of the town. The bouse 
delivery ought to be effected iu such a manner that water should be able to be drawn 
at any time and at any reasonable elevation. To prevent danger from fire it is 
advisable to arrange the distribution so that the water may be discliarged over the 
roofs of the houses hy means of hose screwed upon t*ho mains in the streets. Eor this 
purpose, fire-plugs should he placed alternately on either side of *the streets, at about 
every 100 yards apart, and as the hose is generally made 2i inches^ diameter, it would 
be preferable not to lay down mains of less than the same dimension, in positions 
where fire-plugs are likely to be attached to them. In laying mains they should lie 
kept at a greater depth in wide open streets than in narrow courts, andnn the average 
about 4 feet from the surface. The quantity to be calculated for any given population 
may usually be reckoned at 20 gallons per head per day, which will include all ordinary 
trade consumption they may require. _ 

The reader is referred for further information to Olaudel’s ‘ Formules h rHsage dcB 
IngSnieurs,’— Morin's ^ Aide-Memoire de Mecanique Pratique,’— H’ Aubuisson’^s ' Trade 
d’Hydraulique,’— Girard’s ‘Description, &c. de la Distribution des Eaux de FOurc, — 
Genieys, ‘Essai sur les Moyens de conduire, d’elever, et do distribuer lesEaux, — 
Matthews’ ‘ Hydraulia,’— The several Parliamentary Deports upon the Health of 
Towns and the Supply of Water, -Mr. Wicksteed’s Account of the East London 
Water- Works, and several detached Papers on Water Supply,— Mr. Homersliam s 
Reports,— Mr. Beardmore’a Tables,- Mr. Peacocke’s Researches in^Hydraulics,— 
Neville on Hydraulics,— Downing’s Practical Hydraulics,— Rules and PormulBC of the 
Madras Irrigation Department,— Dupuit, ^ Traitd de la Gonduite des Eaux, —Darcy, 
‘ Les Pontaines publiques de Dijon.’ 


WATER-WHEELS.'''— Water, in movement, is able to communicate power by 
its action upon a body offering resistance to its motion in tbe direction it is naturally 
inclined to follow ; or it is able to act in a negative manner, by destroying or 
diminisbing tie velocity wbicb any body moving in it may possess. _ In practical 
mechanics, water acts in various manners upon engines eommumcating “ ^ eir tain 
movement to other descriptions of machinery immediate^- to 
materials to be acted npon. Our present object is the consideration of the latter 

‘^“in luSestigations with respect to hydraulic machinery, there are three hranches 
to ho considered ; vis. 1. The force of the current producing motion, or the weight of 
the water I? flowing per second, and E tho total fall, which is represented by P H ; 
2. Tbe power of the machine, or the portion of the current K, acting with a velocity 
s. upon that portion of the machinery it strikes i this is represented by Ku, and is 
the dynamical effect produced, whose expression is p » ; p being a weight 
to tho sum of the resistances to movement reduced to what they would be if they 
struct tlie wheel at the same point with K, but to an opposite direction ; . e 


- By a. R. Burnell, C.E. 
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useful power of the machine^ or ; j/ being minus the sum of the pajSsive 
resistances to be overcome. 

These forces are usually expressed in units of work whose measure consists in a 
certain weight lifted to a certain height in a definite period. As the useful effect of 
horse-power is most generally known, it has been adopted as the measure; and by 
almost universal consent it is assumed to be such that one horse can raise 33,000 R>s. 
one foot in height per minute. The term * one horse-power ’ must, therefore, be 
considex’ed to be the expression of such an effort. 

Hydraulic machinery may be of two descriptions : the first consisting of such 
engines as possess a movement of rotation ; the second, of such as have an alternative 
movement. Water-wheels, inclnding turbines and reaction wheels of all kinds, 
are comprised in the first ; the water-pressiire-engines, and the hydraulic ram, 
are included in the second : these last have been already alluded to in the article 
upon ‘ Water Meadows.’ 

Water-wheels are subdivided into those with floats or blades, and those with 
buckets. The first are again subdivided into classes, some of which have the floats 
straight, others curved ; or which move in breasts, races, or water-troughs, either 
rectilinear or curved. In the second class are comprised the bucket-wheels receiving 
water upon the summit, or at a lower point. In addition to these are the horizontal 
wheels, which are either set in motion by an isolated vein, or placed in a cylinder’, or, 
as in the case of the turbines, they are placed externally to a cylinder conducting the 
water. The several descriptions of water-wheels may be briefly stated as follows : 

1. Vertical Wheels with floats straight, and working in a straight mill-race, 

2. „ )> in close circular race. 

3. ,, ,, in unlimited water. 

4. „ ,, curved, called Poncelet’s wheels. 

5. ,, overshot, with buckets. 

6. Horizontal Wheels, struck by an isolated vein. 

7. n working in a cylinder. 

8. ,, Fourneyron’s turbines. 

9. „ . with partitions. 

10. ,, reaction wheels. 

And in addition, we may perhaps place in a separate class the two descriptions of 
breast wheels known as the high and the low breast wheel, receiving the motive 
power at points intermediate between the summit and the horizontal line passing 
through the axle ; also of late, a description of wheel called the hachshoif in which 
the water is carried beyond the summit, and returns to skike the wheel a little below 
that point on the descending side. 

The parts of water-wheels and machinery which may require to be defined are as 
follows. The /ore Stay is the channel leading the water upon the wheel; it generally 
has a hatch or sluice, by which the weight of the water is regulated ; the race is the 
part of the channel immediately under the working part of the wheel ; the tail hay is 
that part by which the water escapes after it has exercised its effect. The wheel 
consists of a upon which are fastened the arms, bearing in their turn the^^^en- 
y)7iery of the wheel. Sometimes this is closehoarded or Boled^ at others it is left open 
at intervals to allow of the ventilation of the buckets. The sides of the buckets which 
serve to keep the water upon the wheel are called the shrouds. Motion is communi- 
cated tO' the working parts of the machinery by gearing on the segments of the 
wheel, of bf^'^rst-motion or bevelled wheels, called wheels^ upon the axle itself. 
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1. Vertical Wheels with straight Moats mrUng in a straight MilUHace, 

TMs description of vLeel was formerly tlie most freq^nently employed, but at 
present it is only used when the fall is insignificant and does not exceed 5 feet. The 
water is brought under the wheel from the fore bay by a trough, whose sides almost 
touch the floats, and leave merely a sufficient interval to allow of the movement of the 
wheel. Upon the trough a hatch k h 

is fixed to regulate the quantity f| A a 

of water to be admitted. 

In leaving the hatch the fluid 1 1 

vein becomes contracted, it then -cJh 
extends and reaches the sides of Jr^ 

the race. If therefore, at the 

section of the gi'eatest contraction ^^ir“iEr' 

it should possess the velocity due ^ 

the head of water in the fore 

bay, a considerable portion will ^ ^ 

be lost ; firstly, on account of the dilatation, and secondly, on account of the friction 
in the race, before it can reach the floats. If the race be long, this loss may bo such 
that the water will only retain fths of its initial velocity when it reaches the floats. 

In undershot wheels of the description we are considering at present, the water acts 
entirely by its shock, and it is therefore necessary that Y, or the velocity of the cur- 
rent, should be as great as possible. Its diminution, and the 
consequent loss of power, may be prevented by placing the hatch 
as near the wheel as it can conveniently be placed, and by J 

forming the channel so as to reduce the contraction to a 
minimum. The sides and bottom above the opening are, for 
this purpose, to be made in continuation with those of the mill- 

race, and its head in the fore bay is to be opened out as in the 

accompanying sketch, representing the lioidzontal section. 

Poncelet recommends also that the hatches should be inclined j 

for he found that with an inclination of 63® to the horizon, the ” p 

coefficient of contraction was 0*75, with an inclination of 45® it 

' ' ' ■ ■ li 

was 0*80, whilst a vertical hatch under similar circumstances 
gave a coefficient of 0 *70. 

Immediately beyond the hatch the race passes under the wheel with a slight incli- 
nation, and it thence flows on in a straight line. The width is determined by tbe 
quantity of water to be discharged ; the depth of the water, supposing the wheel to be 
removed, should never exceed 10 inches or fall short of 6 inches. When it is less 
than the latter dimension, the quantity of water escaping between the floor of the race 
and the outer edge of the wheel becomes proportionally too great, and the force of 
the current becomes considerably diminished. To reduce this loss to a minimum, it 
is advisable to leave only a space of about | or f of an inch between the wheel and 
the race-floor. 

The most carefully constructed undershot wheels at the present day, however, are 
no longer constructed with perfecily straight races. An inclination is given from the 
batch to the level of the lower edge of the second float on the upside of the vertical 
diameter, of about fath orf^th; the bottom then curves concentrically to the wheel 
until it arrives at the vertical line passing through its centre ; it then falls suddenly 
about 4 inches at least, and afterwards runs away with as great an inclination as the 
locality will admit. The width, immediately before striking the floats, is somewhat 
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smaller than that of the latter ; it augments gradually, and at the vertical diameter is 
wide enough to enclose it : in this manner the water strikes the wheel with its whole 
mass without any loss hy the way, and the lowering of the bottom facilitates the 
escape of the water after it has exercised all its effect. 

It has been seen above that the width of the floats is fixed by the width of the race: 
their height or dimension measured upon any radius of the wheeL must be such that 
the heaping up of the water against the first float it strikes should take place under 
such conditions as not to lose any of the power. This is effected by making the floats 
about three times the height of the water in the race, provided they do not exceed 
from 2 feet to 2 feet 2 inches. The distance from one float to another measured on 
the exterior circumference of the wheel should he a little less than their height. 
Their number will then depend upon the diameter of the wheel, and this may be con- 
sidered to he arbitrary. 

In fact, the dynamical effect of the wheel is only in proportion to the velocity of 
the floats ; it has a necessary connection with the latter alone, and is independent of 
the diameter. When therefore it is required to fix the diameter, it is determined hy 
the number of revolutions it may be deemed advisable to make the wheel perform in 
a certain time, in order to transmit the power to the machinery, producing the useful 
action with the greatest simplicity, and the intervention of the smallest number of 
intermediate motions. It is also desirable that the wheel should act as a fly-wheel 
so as to insure an equable movement. Take the velocity of the extremity of the 
floats, N the number of revolutions required in a minute, the diameter will he 

or In the most favourable conditions u = 1*7 's/H (H = the total 

■ "E2 ' ■■ ' 

fall), consequently the diameter will be Practically, however, it varies 


Eiametor. 

, ' Floats,' ' ' 

ft. in. 

13 4 

28 ■■ 

16 6 

82 

19 8 

36 

22 10 

40 

26 3 

44 


from about 13 to 26 feet. 

According to the diameter adopted, the wheel will 
have the number of floats indicated in the Table 
annexed. The numbers are all multiples of four, 
because millwrights are accustomed to place a definite 
number of floats in each of the quadrants of a wheel. 

There would be no inconvenience in augmenting 
any of the numbers given in the Table hy four. 

According to Belanger, there would appear to he 
a theoretical advantage in making the blades, what- 
ever be their velocity, dip so that the extent to 
which they are covered by the water should he 
equal to the depth of the fluid voiu, or even a little in excess of that depth if the 
velocity he very great. It has been found practically that this advantage does exist 
when the floats are immersed to |rds or |ths of the thickness of the fluid vein ; and 
it has also been ascertained that there is no loss when the blades are immersed to a 
depth equal to the whole thickness. It follows from this that the bottom of the 
race should he kept below the level of the water at the hack of the wheel. 

Some engineers, B^parcieux amongst others, believed that by inclining the floats 
at an angle of from 20° to 22° to the radii, in the direction of the incoming water, the 
useful effect of the wheels would be increased. But it would appear from Bossut’s 
’ exp|iiments, that so far is this from being the case with undershot wheels, that floats 
inclanM angles of 8°, 12°, and 16°, gave results w’-hich were respectively as 1 ; 
0 "9 9^ 'Y ' j 0 *949, ITo experiments are upon record where the precise inclina- 

tion necomme&ded ]by B^parcieux was tried ; hut from those recorded by Bossut, it 
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would seein tliat tlie inclmation of tlie floats, so far from being advantageous, was 
positively prejudicial. 

In a perfectly straight race in wliicli tbe wlieel miglit dip in tbs water in tlio tail 
baj^-, a condition wHcli does not exist m tlie most modem mills, it Is true tbat tlic 
inclination of tlie floats would be advantageous, insomucb that they would not be 
likely to lift and carry with them a certain quantity of water, wbicb would act in tlio 
opposite direction to tbe movement of tbe wbeel, and thus diminisb its effect, ffliis 
inconvenience may also be obviated by tbe adoption of a system frequently employed 
in wheels erected upon small branches of rivers, or in positions where the fall is but 
trifling ; it consists in forming the floats of separate parts inclined a little to the radius, 
but always at a greater angle in proportion as they appimch the extremity of the 
wheel, somewhat in a cycloidal form. 

Bims have been added to the floats by some engineers, for the purpose of increasing 
the dynamical effect. But it lias been observed that their action is msignifleant so 
long as the floats receiving the shock are confined within a race, for the race itself 
produces precisely the effect desired, The increased effect in other eases is much 
more likely to be obtained by enclosing tbe floats within circular plates or shrouds. 
In narrow wheels, cast-iron floats slightly cylindrical, the axis of the cylinder being 
in the direction of the radii, produce the same effects as the rims. 

It is found theoretically, that a current of water acting by its shock upon a wlioel 
with floats is only able to produce a useful action equal to half of the greatest effect 
it is capable of producing ; or, calling the weight of the water supplied per second F, 
and the total fall H, the theoretical effect would be | F H. This result is far from 
being obtained in practice, for Smeaton’s experiments appear to shew, that instead of 
being | F H, it is jl P H, or at the maximum | FH. 

The useful effect of this description of wheel is very small ; but as it is independent 
of the^ diameter, and this may be made to vary within the range of from 7 to 28 feet, 
without occasioning any loss of power, and as the velocity may he altered within a 
considerable range, these wheels are advantageous when great direct velocity of 
rotation is required, or the velocity of the wheel may be exposed to variations. 

2. Vertical Moat Wheels worhh^g in a close Breast, 

It has been shewn that the useful effect of an undershot wheel is increased 
by making the breast concentric to its exterior circumference. The advantage thus 
gained is proportionate to the are of the wheel so enclosed ; at the present day, there- 
fore, the latter is made as large as the disposable fall will allow, and is usually from 
frds to |ths of its total height. The circular part of the breast requires to be executed 
with great care, so that its surface should offer the least resistance possible on account 
of the Motion, and its axis must be exactly the same with that of the wheel 

A space of about | an inch is left between h ft r 

the circumference of the wheel and the sur- 
face of the breast, to allow a little play to the 1 

floats. The width of the breast is made so / 

as to allow the stream of water to flow with p n/ 

a depth varying between the maximum of 8 ^ 

and the minimum of 6 inches. . Tbe diameter 
of the wheel and the number of floats will 

be ascertained by the rules given in the last y 

section ; the height of tbe floats should he 
three times the depth of the water upon the 
breast. They are sometimes inclined to the direction of the radius. 
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It is important that the sluice he placed so that the water may strike the first float 
in a direction nearly perpendicular to its face ; it would even he preferable if it could 
•be made to fall over the sluice immediately above the curved portion of the breast. 

The causes of loss of power from the real dynamical effort exercised upon these 
wheels are, firstly, the water rarely strikes the blades perpendicularly ; secondly, a 
portion escapes between the wheel and the breast without exercising any influence • 
thirdly, the portion of the wheel immersed in the water loses a weight corresponding 
with the quantity of water it displaces. Prom these combined causes the useful 
effect of undershot wheels of the description w© are considering has never been 
observed to exceed 0*772 P H ; usually it is considered to be abont from 0 *60 PH to 
0-65PH. 

3, Vertical Float Wheels in wilimited Watei\ or Wheels ^oorlcing nipon Boats 

on Rivers, ' 

This description of wheel is principally employed upon boats moored in the current 
of large rivers on the Continent, and it has occasionally been employed to commu- 
nicate motion to a series of stamper's acting upon the rocks in the middle of the rapids 
of the American rivers. It is evident that it can only he applied in water-courses 
where it would he impossible to establish any navigation, or in the smaller or more 
unserviceable branches of large streams. In almost all cases the natural velocity of 
the stream alone acts npon the wheel, without being in any way confined or directed 
by a race or channel of any description : it is to such wheels that these observations 
are confined. 

The diameter of these wheels rarely exceeds from 13 to 17 feet ; the blades or 
floats are usually 12 in number, but it is sometimes considered to be more advan- 
tageous to increase tbe nnmber to 18 or to 24. Pabre, wbo paid particular attention 
to this description of wheels, states that the height of the floats should not exceed 

0 *28 of the radius of the wheel, measured to the centre of percussion, so that it would 
only be about 0*25 of the entire radius ; very frequently it is made only 0*20 of the 
radius. He made the whole of his floats immerge, a system which would answer 
in deep rivers, W’here, from some peculiar circumstauces, the greatest velocity of the 
current might be below the surface. Otherwise, and in the greater number of instances, 
the effect of these wheels is the greatest when a portion of the floats (in tbe vertical 
position of the wheel) rises above the floating line. The width of the wheels varies 
from 8 feet to 17 feet 6 inches. 

Ddparcieux made some experiments, subsequently confirmed to a considerable extent 
by Possnt, which warrant the assertion that when the floats were inclined at an angle 
of SO to the radius touching their inner edge, their action was augmented. 
B’Aubuisson expresses the opinion, that if the floats were formed as for some under- 
shot wheels, of separate parts, inclined a little to the radius, but always at a greater 
angle in proportion as they approach the extremity of the wheel, and if they were 
close shrouded, their effective action would be increased. Navier recommends that 
tbe floats should be inclined at an angle of 30* when the wheel dips from J-th to |th of 
its radius ; and at an angle of 15® when it dips §rd, the maximum of immersion. In 
all cases the inclination to be towards tbe np-side of tbe stream. 

On some rivers, such as the Rhone, the wheels dip as much as 1 foot 8 inches below 
the surface ; but it is usual in practice only to make them descend about 1 foot 

1 pches below that line. 

fhe theoretical effect of these mills is ascertained by tbe formula = 20 S in 
which 

Pto = th^ i^eoiti?e J^ower which the working shaft is able to transmit ; 
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S = tlie sectional area of the part of the float situated upon the vertical radius of 
the wheel, measured in the direction of that radius ; 

Y = the velocity of the current at the point where the wheel is situated ; it may he 
considered to he the mean velocity of the water striking the floats. 


4. Veriical Undmhot Moat Wheels^ mrUng with curved, Moats, PonceUfs 

Wheels. 


Although undershot wheels with straight floats do not yield more than a fourth or 
a fifth of the motive power acting iipon them, they possess certain advantages which 
induce engineers to adopt them in many cases : their construction, when properly 
performed, is economical, and they can receive a considerable velocity without any 
appreciahle loss of power. M. Ponoelet has succeeded in retaining these advantages, 
and simultaneously in avoiding much of the diminution of effect, by substituting 
curved floats for the ordinary straight ones. 

From a series of experiments performed by that eminent philosopher, it would 
appear that the speed of a wheel provided with curved floats yielding the greatest 
effect shotild be about 0*55 of the velocity of the current ; it may vary from 0*50 to 
0*60 without any appreciable difference. The dynamical effect is not less than 0 *75 
P h for small flills with great openings of the sluices, or than 0*65 for great falls with 
small openings ; h in this case representing the head of water producing the velocity. 
Compared with the motive power PH, the dynamical effect will be O'flO, and may 
under some circumstances descend to 0*50 of P H, We have seen that with straight 
floats these numerical coefficients do not exceed 0*32 and 0*25 respectively, so that 
the curvature of the floats doubles the effective powers of the wheel. 

M. Ponoelet gives a series of rules for the construction of these wheels, from which 
the following remarks with respect to the formation of the characteristic part, the 
curved floats, are extracted. 

The number of floats should be double that already indicated for undershot wheels 
with straight floats. 

Their height in the direction of the radius, or the distance from the exterior to the 
interior circumference of the wheel, should be at least Jth of the effective fall; 
it is made Jid Vhen the fall is about 5 feet effective, and | when it is even less. 

The lower element of the curva- 
ture of the floats, which forms an \\\ \ 

angle infinitesimally small with the ^ ^ 

external circumference when the ""x 

stream comraimicating motion is very 

shallow, wall form one of 24® or 30® ^ 

•when it increases in deptby and will, n 

in fact, augment in proportion to the 
depth of the stream. .The.curvature 

following simple construction. From ^ , 

the point A, where the stream A B meets the exterior circumference, raise the per- 
pendicular Ah, and from the point c, where it strikes the inner circumference 
with the radius c A, describe the arc a b, which will give the form of the floats. 
They may be executed either of small boards, set like the staves of a cask, or of 
wrought iron. 

A little, beyond the vertical diameter of the wheel, the floor of the race is lowered 
abruptly, so that the water shall not meet with any obstacle to its escaping from the 
floats. 
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5, Vertical Ourshot Wheels^ with BucJcets. 

In, tliese wliGels tlie water is carried over tlie top of tlie vertical diameter, and 
escapes in snob, a manner as to strike the buckets upon tbe side towards tlie lower 
part of tbe stream. It acts, therefore, slightly by its shock, but principally by its 
dead weight. Such wheels consist of a horizontal axle, —of the arms with their 
stmts,— of the rim with its sole, shrouds, and buckets. 



IThe axle may be either of wood or of iron. If of wood, it should be of oak, or of 
a wood at least of a degree bf hardness equal thereto. Its length will depend, of 
course, upon the diameter of the wheel, and its dimension is made to vary from 
i foot 8 inches to 3 feet 4 inches square. Timber of such dimensions is becoming 
more and more rare, and cast iron is now almost universally substituted for it, ex- 
cepting under peculiar local circumstances. The arms, when the wheel is constructed 
of wood, are not framed into the axle, but they are put together in pairs, and the two 
pairs meeting in the centre leave a square space adapted to receive lihe axle upon 
which they are fixed by means of keys and wedges ; the intermediate parts of the rim 
are supported by braces when the wheel is exposed to sudden shocks or is of con- 
siderable dimensions. In modern wheels, even of wood, the arms are made to fit 
into a cast-iron nave keyed upon the axle, and they are then arranged like the 
spokes of a wheel. 

In wooden wheels the rim usually serves to act as shrouds to the buckets, and is 
made in the best wheels from 10 to 12 inches in width. Even for those intended to 
receive a large volume of water, the depth thus afforded for the buckets need not 
exceed 12 inches ; for it is preferable to increase the width of the wheel rather than 
to augment the depth. The sole of tbe buckets is formed by nailing planks to the 
under-side of the shrouds, and a provision is commonly made to insure the ventilation 
of the buckets by a series of holes bored into the sole in the upper pari 

The buckets are formed in various manners, the simplest of which is the following : 
An arc of the eixole described by tbe radius of the exterior circumference as, and a 
-similar arc, bs, described by the radius of the inner circumference, are drawn, which 
give d^e.depth of the bucket plus the thickness of the sole. Through o, a point upon 
A distance between a and e, a third circle o n e is drawn ; as the centre 

of gravi^^^ water contained in the buckets is habitually upon it, or very near to 
it, the radius of tHs oirole is called the dynamic radius of the wheel, The distance 
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between the "buckets measured upon this circle is nsually about 13 inches ; but as 
millwrights diyide the wheel into quarters, and place a definite number of buckets in 
each quarter, the above distance may vary according 
to the size of the wheel. The number of buckets 
consequently willfiiot be proportional to the diameters, 
but it will be as indicated by the accompanying 
Table. The diameter indicated by the first column is 
that of the exterior circumference ; it is, correctly 
speaking, the real diameter of the wheel, and is to 
be understood as being meant when the sign n is 
used in the following description. 

When the circumference of the dynamic radius 
shall have been divided into the number of spaces 
corresponding with the intended number of the 
buckets, lines are drawn from the points o, n, e, &c. 
to the centre, and they will settle the position of 
the smaller part of the bucket. The larger part is fixed Upon the principle, that 
firstly, the angle h e a, formed by the two parts, should be as small as possible, in 
order to retain the water for a longer period ; but at the same time it is necessary to 
ohserve that it must be sufficiently large to leave a space n & able to receive all the 
water without difficulty, and in such a manner as not to cauSo any of it to rebound 
after having struck the wheel. It is therefore necessary that J> h should be deeper 
than the thickness of the fluid vein ; by widening the hatch and the buckets, it is 
true that the latter thickness may be made of any dimension ; but it is found that 
H 5 ought not to he less than from 4^ to 5 inches. The angle he a will then vary 
from 110® to 118°, according to the diameter of the wheel, when it ranges between 
18 feet 4 inches to 39 feet 6 inches ; so that the inelmation of the wider part of the 
bucket will form an angle of about 81° to the tangent at its point of contact 
with the outer circumference : it should never exceed 83°. In practice it will 
be found sufficient to make the outer edge of the succeeding bucket terminate at the 
prolongation of the radius passing on the inner side of the smaller bucket preceding it. 

In some cases the bucket is divided upon a line equidistant from n and i, or i k 
« 4 L P ; n being ascertained by the prolongation of the outer face of the first por- 
tion of the preceding bucket 0 E H. Occasionally the planks of which the buckets 
are formed are placed as in p o u m, but the repairs of such wheels are more difficult 
and expensive than where a simifier form is used. When, however, the buckets 
are made of wrought iron, the form indicated by RS is unquestionably the most 
advantageous, as it retains the water to the lowest point of the revolution of the 
wheel. 

The water is carried over the top of the wheel at a trifling distance from it, and 
made to strike the second or third bucket beyond the summit, at a distance of about 
1 foot 8 inches to 2 feet beyond the vertical lino passing through its centre. The 
stream at the point where it leaves the channel should he somewhat narrower than the 
wheel, and be so directed that it impinge xipon the bucket as directly and perpendi- 
cularly as possible. 

The length of the buckets, or the distance between the shrouds, measured upon 
the face of the wheel, will be determined by the volume of water it ought to deliver. 
If we take Q to represent the volume delivered by the channel in 1", d the distance 
from one bucket to the other upon the external circumference, and v the velocity of 

u 

any point in that circumference, it is evident that a number of buckets equal to ^ 


Diameter. ■■ ,, 

Buckets. 

■ ft. , ' in. . 
10 0 

"'■..24''\ 

13 ''a-,'' 

, 36 '■ 

16 6 


19 8 

56 

26 3 

76 

32 10 

96 

89 „ e:' '. 

108 
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will pass Defore the hatch in a second, and that consetiiiently each of them would 

take a quantity of water = ” • It is necessary that the hucket should not only he 

ahle to contain this quantity, but also it is found advisable to make it of three times 
the capacity necessary to do so, or the water would have a tendency to escape too 
rapidly. If 2 = the length of the bucket, and S = the sectional area of the fluid 
mass it can contain at the moment of its passing before the sluice, S^ wiU be its 

.. Q „ , . . 


capacity, and it is necessary that S 3 ~— = 180^ 


M being the number of 


buckets on the wheel, and K the number of revolutions it makes in a minute, since 


and If =- 


Thus 2 = 180- 


which must be its dimensions in 


M' 60^ MHS 

the clear. 

The theoi*etical effect of a stream delivering a quantity of water P in 1" falling 
from a height H = P H ; but there are several causes which in reality diminish this 
value. A certain quantity of the power is lost between the discharge of the water 
from the sluice and its striking the wheel j and another portion is lost by reason of 
the obliquity of its action upon the first bucket it strikes. It is therefore important 
to keep tbe bottpm of the reservoir as close as possible to the top of the wheel. 

A second cause of loss of power arises from the form of the buckets, which allow 
the water to escape before it reaches the level of the tail bay. Gfreat attention then 
should be paid to their construction, to insure their retaining the water to the lowest 
possible point of their revolution. 

The centrifugal force of the water upon the loaded side of the wheel will give rise 
to a loss of power vai-jdng with the velocity at which it revolves. For a wheel of 
about 14 feet diameter, with a velocity of about 9 feet 9 inches at the periphery, this 
cause of loss is not important, but in small overshot wheels, such as are found in 
mining districts, with a diameter of 8 feet, and a velocity at the periphery of 15 feet 
per second, it is sufficiently great to’ require serious attention. 

We may therefore resume the rules affecting the working conditions of an overshot 
wheel, as follows. 1, The loss of power will be reduced in proportion to the correct 
disposition of the sluice or the channel. 2. It will be smallest w'hen the diameter of 
the wheel is as nearly as possible equal to the height of the fall. 3. When the 
diameter thus approaches to the height of the fall, the loss of power will be the 
smallest in such cases as admit of the wheels revolving at half the velocity of the fluid 
striking the buckets. 4. The effective power of the wheel will be regulated by the 
length of time the buckets are able to retain the water. 

A well-constructed overshot wheel working with small velocity will yield sometimes 
as much as 0*80 FH, but under the usual conditions of construction, and with a 
velocity of from 3 feet 6 inches to 7 feet per second, and the buckets only half-filled, 
the usual effect is comprised within 0'70 and 0*75 PH. If the velocity exceed that 
stated above, as is frequently tbe ease with wheels driving the shingling, or puddling, 
hammers of iron-works, which have buckets usually designed to be filled to |rds of 
their capacity, the effect will often not exceed 0* 60 P H, or even occasionally 0 *37 P H, 
This is to be accounted for by the fact that the water striking the buckets with great 
force rebounds without producing much effect. In such cases it is particularly 
advisable to enclose the wheel. 

A. Breast' Wheels* 

In wheels, as already seen, the water is carried over the summit and 

poured into or third bucket beyond the vertical line passing through the 
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centre. Tlie lower part of tlie wlieel then must revolve in a direction opposite to that 
of the stream in the tail hay, so that if by any accident the back water is penned np, 
the wheel may be exposed to a retarding force, sometimes of considerable importance. 
In order to avoid this loss of power the water is ponred upon the back of the wheel j its 
lower portion then revolving in the same direction as the current of the tail bay, it 
may be immersed to a depth of about 1 foot without its being seriously retarded. 
The wheel may under such circumstances be lowered to the extent named, and the 
effective height of the fall proportionally increased. 

Wheels receiving the water on the back of the AvIieels are called high, or low, breast- 
wheels, according to whether they receive the "water above or below the horizontal 
line passing through the centre. In addition to the advantage before cited, they 
possess another, viz, that inasmuch as they receive the water below their summit, the 
latter may be, and usually is, kept above the level of the water in the reservoir. 
Under certain circumstances this advantage becomes very important, because a larger 
wheel retains more effectually the power communicated to it than a smaller one 
would do. 

The water is usually brought upon breast-wheels, by a trough, at the end of which 
is a vane to regulate its admission to a series of guides serving to direct the water 
into the buckets. These guides are usually made vertical, and the buckets are 
disposed in such a manner as to continue that direction when they pass in front of 
the openings. 

The loss of head arising from the form of the buckets, and the centrifugal force 
being proportional to the diameter, there will naturally be an advantage in making the 
latter nearly equal to the Ml. It follows, that inasmuch as in breast-wheels the summit 
must not he below the level of the water in the reservoir, the dynamical effect will be 
thegreatest when the water strikes the wheel at the smallest distance from the summit 
of the wheel. In the greater number of high breast-wheels this distance, measured on 
the exterior circumference, may he 30®, or even. less, for wheels of 20 feet and 
upwards ; in small wheels it is usually considered advisable to make it 40®, Many 
millwrights even make the water strike the wheel at an angle of about 52®, but 
evidently the water in such a case has no sooner entered the buckets than it is poured 
out again. The loaded arc of the wheel becomes proportionally so small that it 
would be far more advantageous to adopt a wheel of less diameter. Should the fall 
iu fact not exceed 8 feet, it will be found most advantageous iio adopt an undershot 
wheel working in a closed channel, which will carry the motive power of the water to 
the lowest point of the revolution. 

From the observations made by M. Morin, it would appear that under the most 
favourable conditions the dynamical effect of breast-wheels hardly exceeds 0*788 P H, 
Generally speaking, it would not exceed 0‘75 P H, and M. B’Aubuisson is of opinion 
tlmb it should not be calculated to be in practice above 0*70 P H, 

B. The wheel may be considered a species of ovcnhot^ for it consists of a 

channel carrying the water over the top, and provided with a sluice so disposed as to 
cause it to revert and strike the wheel at the back. This arrangement involves a 
trifling loss of fall between the channel and the wheel; but on the other hand it 
obviates the inconvenience alluded to as arising from the flooding of the tail bay, by 
causing the wheel to revolve in the direction of the current in the latter. 

Mr. W. Fairbairn has done more to impi’ove the effective power of bucketed water- 
wheels than any other constructor of late years, by the introduction of what he calls 
ventilated buckets. As he observed in the Paper upon this subject presented to the 
Institution of Civil Engineers, “ close bucketed wheels labour under gi*eat difficulties 
when receiving the water through the same orifice at which the air escapes, and in 
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sonid wlieels tbe foniis and coiistriiction of tlio buckets are sucli as almost entirely to 
prevent tbo entrance of the water.” The modifications be introduced may generally 
be stated to have been for the purpose of xoi’eventing tbe condensation of the air, and 
for permitting its escajoe during the filling of the bucket with water, as also its 
re-adinission. during the discharge of tbe water into the lower milbraee* 

n Tbe sketches in the 

1 1 f/j margin illustrate the mode 

V h of ventilation proposed by 

^ Bairbairn for (<i) high 

111 1 ^ or (5) low breast-wheels, 

Nv nil 1 ^ ~ former being usually 

jj\\ 7/ soled. It is also to 

V — ^i\\\ \ observed, that Mr. 

\\ M\ \ c 4 \u\ Fairbairn attaches great 

\ MV \ ^ Hy importance to the coii- 

\ Nv ^ 'n str action of the breast. 

\ \ ■ ^ He makes it fiill away 

V \ suddenli- at a short dis- 

^ \ tance on the near side of 

\ ^ the line passing through 

' \ ^ the centre, in order to 

secure the rapid clearance 
Y j of the buckets directly they shall arrivo 

V V at that point of the revolution. 

\ ^^ovkontal Wheels^ stnieh hj an 

II J isolated Vein of Water. 

In the South of France a great number 
— ^ / I of mills exist, in which the wheel, in- 

stead of occupying a vertical position as 
it usually does in Northern Europe, is 
' placed horizontally. From the fact that 

’ this position dispenses with all complica- 

tion of movement in the transmission of 


the power, it is preferred in countries where skilled labour is expensive, and the 
execution of repairs difficult. In such mills the same shaft which carries the wheel - 
communicating power at the bottom carries the mill-stones above j it works upon a 
2)1 vot let into a moveable seating able to bo raised or lowered, to secure the 2 )roper 
intervals between the fixed or revolving stones. 

The old mills figured in Belidor’s ‘Architecture Hydrauliciue ’ consist of a vertical 
shaft, upon which are fixed a series of blades, mostly curvilinear, although of different 
forms in almost every instance. The water communicating motion is admitted to 
some of these wheels in an isolated vein by means of a pipe, in others they are placed 
in a cylinder open below, and the movement is produced by the escape of the water. 
At the latter end of the last century many rotary machines were proposed, in which 
the water communicated motion by reaction, and the mathematicians of that time 
paid considerable attention to the investigation of the laws affecting them. Still 
more recently, or about 1825, M. Burdin introduced the class of horizontal wheels 
'^led ‘turbines* to public notice, and his pupil M. Fourneyron, together with Messrs. 
Zupfl^^ and Whitelaw, have considerably improved it. 

In %M mills used in the Alps and the Pyrenees the wheels are usually 

about 5 lifees m diameter, and only 8 inches deep ; the blades are about 18 ia 
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number. Tlie portion receiving tlio shock is concave and of an inclined curvilinear 
form, so arranged that its intersections by a series of planes vertical, and perpen- 
dicular to the radius, form curves increasing as they recede from the centre. The 
upper element of these curves is vertical, the lower one is the more inclined in 
proportion as the extremity is approached, where the curvature is nearly eq,ual to a 
quadrant of a circle. 

The water is directed upon these wheels with a head of from 24 to 30 feet, or even 
more, and exercises its effect principally by its shock, if not entirely. If the floats 
then were normal to the direction of the current upon their whole surface, the 
expression of the maximum of effect, E, would be nearly E— 4 W, calling AHhe 
height really corresponding to the velocity with which the water strikes the wheel. 
In practice the real effect is helow that given, for not only is a portion of the water 
wasted without striking the wheel at any point, but also the greater portion will not 
strike it vertically to the surface of its blades. Experiments upon the useful effect 
of these mills have reduced the expression given above to J P H, but it is not usually 
considered safe to adopt a higher proportion than 0*30 PH. 

7. Jfforkontdl WhecU vjorlclvrj in a Ci/Under* 

Tlie last-cited description of horizontal wheels are principally employed when tlio 
stream is small in volume and the fall great ; but when these conditions are reversed, 
the wheel is made to work in a cylinder of wood or of stone, open above and below. 
These wheels are, and have long been, very common on the banks of the Garonne, the 
Tame, the Aveyron, and the Lot, in the South of France. 

The wheels are usually made about 3 feet 4 inches diameter, and 10 inches deep ; 
the blades are nine in number, and 
formed as described for wheels moving by 
the percussion of an isolated vein. The 
cylinder is made about 7 feet 6 inches 
deep, and 3 feet 4 J inches diameter ; the 
wheel being placed quite at the bottom. 

A cliannel serving to conduct the water 
is formed in the whole vertical height of 
the cylinder above the top of the wlieel, 
it diminish es gradually to its point of dis- 
charge, where it is not more than 11 inches 
wide, and one of its faces is tangential to 
the inner curve of the cylinder. The 
water, after leaving the sluice at the 
entrance of the channel, is directed with violence against the part of the cylinder 
immediately opposite to it ; following the new direction it thence receives, it runs 
round the sides of the cylinder, acquires a circular motion, descends, and strikes the 
wheel upon which it acts by its impulsion and its weight, communicating to it the 
motion thus acquired. 

The space left between the wheel and the sides of the cylinder is a cause of consi- 
derable loss of power, because the centrifugal force of the descending current causes 
the water to adhere closely to the sides, and a great portion thus escapes without 
producing any effect. In the most modern machines of this description, the cylinder 
is made rather smaller than the wheel, which is placed immediately beneath it, so 
that nearly all the motive current fails upon the wheel j but even in this case there is 
a loss of velocity in the current, owing to the change of direction. 

3 2 
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Morin gives a rale to calculate tiie rLuinber of revolutions a wlieel of tills descrip'* 
tiou siiould perform in a second. It is as follows : — 

/e, inwliicli 


^ /e, in wliic 

D2 s/ 


= tbe number of revolutions ; 

D ~ tlie diameter of the cylinder in yards and decimals of yards ; 

D' = the diameter of the wbeelj in ditto j 
E = the opening of the sluice. 

The form of the curved blades is to be ascertained by the rules usually applied to 
the other kinds of wheels constructed vdth floats of that nature, observing that, to 
insure that the water shall exei'cise all its dynamical elfecty it must enter and act upon 
the wheel without shock, and leave it without velocity. From the difficulty attending 
the attainment of these conditions, it arises that, perfect as these horizontal wheels 
are in theory, their real effect is rarely more than J P H ; and it is only in the most 
perfectly constructed modern ones that it rises to 0/25 P H. Morin, however, states 
that in some instances it has attained 0*35 P H ; and he adds, that the maximum of 
effect is obtained when the velocity of the mean sheet of water, -y, at the point where 
it strikes the wheel, is 0*45 of V, the velocity at which it flows into the cylinder. 

Small as is the practical result attained, compared with the: volume of water em- 
jdoyed, the simplicity and solidity of the mechanism of these wheels may frequently 
render their adoption desirable/ They possess another advantage, viz., they are able 
to work when they are flooded to a considerable height, —in fact, so long as an appre- 
ciable difference exists between the fore and the tail bays. P’Aubuisson states, that 
in some, rivers where the fall is small, not exceeding in many cases from 4 to 5 feet, 
these wheels are placed from 1 foot 8 inches to 2 feet 4 inches below the surface of 
the ordinai’y waters in the river in the tail bay. 

8. Tiirhines of M. Fourneyron, 

The great waste of water which takes place in all horizontal wheels struck by an 
isolated vein, or working in a cylinder, led to numerous modifications whose success 

did not promise much useful 
' ' r r - ' ' ■■ ' " ' ■ S 55 SS s =s _ ' ■ result, ' 'until' M. Fourneyron, 

pzmrzz:: : .- ! : .;. ! .. ^ rrz r-r-: , ■ -—r z:: continuing , the Investigations 

; ; - 33 ^ • of M. Burdin, was led to dis- 

tZIITTIIlZIir I cover the principles upon 

— ^ — which turbines, or whirl- 

. _ —— wheels, are constructed. In- 

' TT!^ ^ ^ stead of placing the wheel 

'Ai '‘fim within^ he places it outside 

the cylinder, round which it 

I works like a ring, with only 

. , sutfioicut , play to . insure the 

■ ■ "cylinder Is" made with a series 

— — - ■ ' .. of orificcs upou its ciroum- 

• - - .... . . , ference, . and the' -water ■ is 

■ . . • J 'directed ' against', the. '..nurved 

, . , ; _ striking them all at the same 

time, these machines ai'e carefully made, they are found to be equally fitted 
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for large or small falls ; they weigli very little in comparison with the effect produced, 
and are able to work as well when under great depths of water as in their normal 
conditions. . 

Since these wheels perform as well under great as under small heads of water in 
the tail bay, the first rule to be observed in their construction is to place them below 
the level of the lowest water, which will render the total fall available at all times. 
They consist, like all other horizontal wheels, of three pafts ; the cylinder with its 
supports,— the turbine itself, properly so called, or the annular wheel,— and the 
sluice. The cylinder is usually made of cast iron, and has in the centre a water-tight 
passage for the vertical first-motion shaft : the 
partitions directing the water to the blades of 

the turbine are of wrought iron. The turbine 1 

consists of two horizontal cast-iron plates, main- / 

tained at their respective distances by the blades -s/f ( ( f A 

of wrought iron ; the lower plate is cast with a i V \ V \ 

seating to receive the vertical shaft, wdiich is 
keyed on to it, and works in a cup or socket \ 

able to be raised as required. The blades are V ) ) ] ) 1/ / 

of a simple curve, the first element of which is \ J J / — y 

perpendicular to the inner circumference of the \. ( 
turbine, and the last forms an angle of 15® with V 

the outer circumference. The directing plates 

of the cylinder are made deeper than the blades of the turbine, and, for about 10 
inches of their length, are in a straight line forming an angle of 30° with the exterior 
surface: the form of the remaining portion is not of importance. Inside the cylinder 
works the sluice, formed by a second cylinder working vertically, and opening the 
passages left in the side of the larger one. Its motion is regulated by a rack and 
pinion : care must be taken to round the lower edge of the sluice so as not to 
with the discharge of the water. 

It is to be observed, that as the blades of turbines are composed of a series of ver- 
tical elements, the water in leaving them is only affected by the centrifugal 
which produces the rotary movement. Neither the weig^ nor the shock of the 
stream is employed ; and this may be said to be the only machine in which motion is 
obtained by the centrifugal force. 

M. Fourneyron has published the rules to be observed in the construction of tur- 
bines ; but by his patent he has reserved to himself the right of constructing them so 
long as the patent may last. The rules are briefly as follows : 

The volume of water will be determined by the total fall, and as it is known that a 
turbine will yield an effective power equal to 0'70 of that applied to the machine, the 

quantity to be supplied per second will be 0= The numeration of these 

700 H 

formulas is of course based upon the metrical system of weights and measures ; but 
if we adopt the yard and its decimal subdivisions throughout, little practical error 
will arise,' 

For moderate falls, the velocity of the water in the cylindrical reservoir should not 
exceed Jth or |th of that due to the total fall ; the mean velocity of the water, or d, 
will then be taken at ^th or -^tb of the velocity due to H, and the diameter will be 

calculated by the formula D = A / interior diameter of the wheel 
V 0*/o54 U 

is made about 1|" or 2" greater thvau that of the cylinder, and is again from 0*70 
0*80 of its own outer diameter. 
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■ It is fomd tliat tlie useful effect of turbines is greater in tbe same proportion that 
tbe opening of tbe sluice beconies more ei^nal to tlie beiglit of tbe "wbeel, or of tbe 
apertures of tbe directing blades. Again, tbe ratio of tbe velocity of tbe exterior cir- 
cumference of tbe wheel to tbe speed due to tbe height of tbe fall, wMcb corresponds 
with tbe maximum effect, increases with the opening of tbe sluice, and the more 
rapidly in proportion as tbe fall is greater. For wheels with an average head of from 
10 to 14 feet, and a large supply of water, the velocity of the exterior surface of the 
turbine will be determined by the number of revolutions, which may vary between tbe 

limits == 5'25 J to 7 i = 7*5 Z ; when the fall is between 18 and 20 feet, and the 


: 5 '50 ~ ; and from the number 

■ R ■ ' . . 




R . 

Y 

supply small, the formuloa become w = 4'50 - to = 

li 

thus aseertained the dimensions to be given to the various eommunications of move- 
ment may easily be calculated. . 

9, Horizontal Wheel mth Parlitions. 

This was the form of turhine proposed by M. Burdin, and it also consisted of two 
parts, the one fixed and the other moveable ; hut, instead of placing them concentri- 
cally, one was put above the other. Tbe most correct idea of this machine may he 
formed hy representing to ourselves a circular basin, the bottom of which is pierced 
by a number of boles or orifices, widened at tbe top, so as not to diminisb the fluid 
vein, and disposed in such a manner as to project the fluid at an angle which is most 
calculated to produce a good effect. 

Immediately below this basin is the wheel ; its upper portion forms a shallow cir- 
cular trough ; upon tbe bottom there is a series of small funnels close to one another, 
and having below tubes bent in such a manner as to have their upper portion vertical 
and the lower portion horizontal. The water descending from the orifices of the 
basin falls into the funnel at the bottom of the trough : it i)asses along the tubes, 
and acts upon them, by its weight and by its centrifugal force. 

The useful effect of these machines is 0*67 R H. 

10, Meaction Wheels. 

These wheels form parts of machines in which the water is contained within the 
mechanism. In leaving it, an effort is exercised, reacting upon those portions oppo- 
site to the discharge orifices, and producing a receding action able to be converted 
into a ©I ^ 

The useful effeefc of these wheels is so small (never exceeding, in fact, 0*65 P H, 
and very rarely attaining that limit), that it will not be worth while to dwell upon 
them longer than is necessary to describe one of the most successful instances of its 
adaptation by IVIanouri d’Ectot. The water descends a vertical shaft, and passes into 
a series of horizontal arms larger in the middle than at the apertures, and curved to 
‘ the form of an zfj * The water-communicating power is admitted below the wheel 
by a bend terminating at tbe centre. 

Barker’s Mill, and those constructed after the principles laid down by Euler, by 
Mathon de la Gour, and others, are but modifications of the above. Euler was veiy 
enthusiastic in his endeavours to introduce this machine ; but in spite of his assertion 

that it excelled all other methods of employing the force of water to produce 
motion,” its practical value has been far below what we might have been led to 

! €om'j^arUon of the diffei^ent Hesmptions of Water-wheels. 

■Wheelsr stedgbt floats working in a breast fitting closely, and with a sluice 
allowing the water to M over its upper edge, produce a useful effect, after deducting 
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tliG friction of tlie bearings, of about 0 *60 to 0*65 of the absolute power of the motive 
stream. They may, without any appreciable difference in their proportional results, 
move with very different velocities. They are the description best adapted to falls of 
from 4 feet to about 8 feet 6 inches in heiglit. 

As their radius ought to he at least equal to the height of the fall, if the latter ex- 
ceed 8 feet 6 inches, they will hecome inconveniently heavy and cumbrous : they will 
also require a perfection of execution not easily attained in new countries or colonies. 
They have, moreover, the more serious inconvenience of not being able to "work 
sliould any back-water exist in the tail bay. 

The undershot wheels with curved floats, on the system of M . Toncelet, yield, as 
we have seen, 0*60 of the total motive power when the fall is about 5 feet and under, 
or 0*50 when that height is exceeded. 

They can work with considerable velocity, which allows ot their making a greater 
number of revolutions than any other system of undershot wheels. Their width, and 
consequently that of the channel and the sluice, are, for an equal force, less than in 
the case of straight wheels. It follows that their construction is more economical, 
their weight less, and their establishment more easy in certain positions than is the 
case wdth any other undershot wheels. They can be flooded to the depth of their 
shrouds, without materially impairing their useful effect, — a great advantage in 
countries exposed to inrm da tions. 

An objection, or rather an inconvenience, attached to their use consists in the fact 
that if they be made to revolve at a velocity sensibly different from that of the maxi- 
mum effect, the water will rebound into the interior of the wheel, and give rise to a 
corresponding loss of power. 

They are particularly adapted to small falls of about 5 feet and under, possessing a 
great flow of water. 

Bucket-wheels present the same advantage with wheels carrying straight floats 
working in a close breast, of yielding 0*70 of the motive power. They are particularly 
adapted to falls of 10 feet or upwards ; and as they do not require to work in a 
close breast when their buckets are only half-filled, their construction is very 
economical. ■ • 

As the water ought generally to pour upon them with a velocity of from 8 to 10 feet 
per second, and the falls are considerable, they are able to apply usefully great motive 
power without requiring an excessive width. In the case of great falls, also, they are 
able to work when the wheel is flooded to a height abovi the shrouds. 

The l>reast- wheel is superior to the overshot when the supply of water is variable, 
and, from the fact that its diameter may be made to exceed the total fall, it is the 
most advantageous in cases where the first motion of ■fee machfeery is required to he 
considerable. The back-water,' in times of flood, has less influence upon this class of 
bucket-wheel than any other ; they can therefore work for a longer time, and to a 
much greater depth in back-water. 

The majority of hoxizontal and r'eaction. wheels have been found to be so practically 
useless, that they have been almost entirely abandoned, with the exception of M. 
Fourneyron’s turbine. The Continental Engineex's have a decided predilection for 
this class of machines upon the following grounds, stated by Morin, who has very 
closely examined their action. 

They are applicable to any height of fall, from the least to the greatest hitherto 
employed. M. Fourneyron has himself executed one at Font sur I’Ognon, working 
occasionally with only a head of 9 inches ; he executed another at St, Blaster, in the 
Black Forest, for a fall of 354 feet. 

From 0*70 to 0*75 of tlie net effective power may bo obtained, and the turbines 
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may revolve even at velocities differing widely from tliat corresponding witli the 
maximum of effect, without thereby giving rise to a notable loss of power. 

In addition, they possess the advantages of occupying a very small space ; they can 
he placed at almost any position where the power may require to be employed ; and, 
as they may be made to revolve at much higher velocities than any other description 
of wheels, they obviate the necessity for multiplying gearing in the working 
machinery. 

T'For7<^ consMlted. — Smeaton on the Power of Mills— Treatise on Mills, by John 
Banks— Practical Essay on Mill Work, by Buchanan— Fairbairn on yentilated Water- 
Wheels — Fairbairn on Mills and Mill Work— Glynn’s different Papers communicated 
to the Institution of Civil Engineers, and to Scientific Journals— Beardmore’s Tables 
— Templeton’s Millwright’s Assistant, &c. — B’Aubuisson’s Traite d’Hydraulique— 
Morin’s Aide-Mdmoire de Mccanique Practique— Claudel’s Formules A 1’ Usage des 
Ingenieurs — Belidor and Kavier’s Architecture Hydraulique—Bossut’s Becherclies 
experimentales sur I’Eaii et le Yent— Fabre, Essai sur la Construction des Bones 
hydrauliques — Poncelet’s Mdinoires sur ies Roues hydrauliques d Aubes CourbeS’ — 
Coriolis, Calcul de I’Effet des Machines— Egen, Untersuckungen iiber den Effekt 
einiger in Rheinland-Westphalen bestehenden Wasserwerke — Euler’s M6moires in 
the Transactions of the Berlin Academy—Bernouillij Hydrodynaniica—Trausac- 
tions of the Society of Arts— Repertory of Arts, &c.— Transactions ^of the Franklin 
Institution, &c,, &c.' * 

The reader is also referred to the Elementary Treatise on Mills and Mill-work, by 
Mr. Glynn, forming part of Mr. Weale’s Series of Elementary Works, for details with 
respect to the application of the power, the production of which alone has been con- 
sidered above. An examination of the machinery required to eficct the various 
operations of grinding flour, of sawing, spinning, weaving, guiipow'der-iiiaking, &;c., 
would have swelled this article to a very inconvenient extent. 


WELLS. ^ — 'The term wells is usually restricted in its application to excavations by 
means of which water is obtained from, or admitted to, strata beneath the surface, 
able to admit of its passage in either an upward or a downward direction. In the 
former case, the water is obtained from shallow or from deep-seated sources by what 
are usually called wells, or froti Artesian borings. In the latter case, the foul waters 
of certain Mustriei 'dx the excess of supply of land springs, in some instances, are 
removed by what are called ‘ dead ’ or ‘ alsorhing ’ wells. Strictly speaking, the 
excavations through which access is obtained to deep-seated mines, or to tunnels, and 
other underground operations, are wells ; hut it is more common to designate them by 
the term sAa/l, reserving that of wells to excavations formed expressly for the purpose 
of obtaining water, or for removing that wMch may be susceptible of becoming a 
nuisance. 

The description of well to be adopted in any particular instance must depend not 
only upon the quantity required, but also, and to a much greater extent, upon the 
geological constitution of the district in which it is proposed to sink it, whether it he 
desired to form a supplying or an absorbing well. It becomes therefore necessary to 
state briefly the general conditions affecting the transmission of waters through under- 
grdund. strata. 






^ By Q. R. Bunidl, O.E. 
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Geological 
considerai ion 
affecting wells. 



Most large liydrograpldcal basins will be found to be bound eel by tlie outcrop of 
some strongly "marked geological formation of an older date than the deposits consti* 
tuting the principal portion of the district. In fact, there exists a remarkable con- 
cordance between the external configuration and the geological structure of a country. 
The bounding ridge circumscribing any particular basin usually assumes a concave 
form, and is filled in with strata more or less conformahle to it, or to one another ; 
and in the majority of cases, the lithological character of the more recent strata 
assumes a considerable degree of regularity in the alternations of the pervious and 
impervious beds filling in the basin. From the bounding ridge to the outfall there 
exists naturally a general inclination of the surface ; and, if the wmter-course be 
ascended in tbe opposite direction to that of its flow, the successive strata will be 
found to outcrop, over areas differing in extent according to their thickness and the 
angle of their dip. 

The rain-fall upon a basin of this description will he partially absorbed by tbe 
vegetation ; partly it will be removed by evaporation; partly it will rim off in the 
water-courses forming the superficial drainage of the districts ; and the remainder will 
penetrate the permeable strata outcropping upon the surface. Of course there must 
be considerable difference in the quantities taken up by any, or either, of these 
agents ; for the circumstances of the raiii-fiill, so far as regards its more or less eciual 
distribution over the year, — the climate,— the more or less levei character of the 
country,~-will not only affect the volume of the water-courses, but also the evapora- 
tion, and tbe supply of deep-seated springs. It is, however, usually considered that 
about one-third of the total rain-fall runs away in the superficial water-courses ; one ^ 
third is returned to the atmosphere by evaporation, or is absorbed by the vegetation ; 
and the remaining third penetrates the ground to supply the deep-seated springs. 

Should the surface of a large extent of country consist of permeable materials, such 
as gravel, sand, and some descriptions of loam; the vater soaking into the earth will 
descend through it until it meets with an impermeable stratum. As no hydrostatic 
pressure exists upon it, the springs fed by the water so descending cannot rise above 
the ground, and they are found to follow the laws regulating the flow of surface 
waters, excepting in so jnT-ich as the friction of the materials traversed may serve to 
retard their motion. The greater portion of the water will collect in the lowest part 
of the upholding stratum : if the sides be of equal height, and the dip of the latter 
regular, this will be found to be about in the middle of any depression ; if, on the 
contrary, one side be steeper than the other, the lowest part will be found to be 
nearer the steeper side. No springs of importance ■will be found at the heads of 
valleys, but they are usually to be met with at the intersection of secondary valleys 
with the principal one of the formation. As also occurs with surface waters, the 
volume yielded by any underground spring is proportionate to the length of the 
valley supplying it, and tbe latter is always greatest when the secondary valleys of a 
hydrographical basin form an acute angle with the direction of the main valley. The 
conditions above stated actually exist in tbe district round London, where the Bagshot 
sand formations, and the gravels and loams formerly called diluvium, repose either 
upon the London clay or upon the chalk. 

If, in the district supposed to he under examination, the strata consist of alter- 
nations of permeable and impermeable materials, and they successively crop out 'from 
under one another, funning a basin-shaped depression towards the centre, — the water 
falling upon the permeable strata will soak into them and fill the lower portion, if no 
outlet exist by which it may escape through the stratum upholding it in the other 
parts of its course, or by which it may rise to the surface with greater ease than it 
can continue its underground flow. Cfenerally speaking, in a perfect basin, the 
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latter condition does aot exist ; tLe lower part of the water "l)eanng stratum passing 
heneath an impermeable one, then becomes, as it were, gorged with water, and any 
excess arising from the upper parts is thrown off at the surface by the springs, which 
serve as the overflow for such strata. Should any artificial opening now he made 
through the upper impermeable stratum, a species of inverted syiflion will be formed, 
in which the vertical branch, being at a level usually below that of the longer inclined 
leg, will afford an outlet for the pent-up waters. The waters in the subcretaceous, in 
some of the oolitic, and the old and new red sandstones, exist under these conditions 
in England and in France : the tertiary strata in the latter country exhibit these 
phenomena to a greater extent than in our own country, although they may be 
observed both in the London and Hampshire basins. 

When, therefore, it is deshed to obtain water from a formation known to be entirely 
superficial, the most favourable position for the search will be in the lower parts of 
the plain succeeding the intersection of the primary and Secondary valleys. Such 
formations are rarely of great depth ; and as the hydrostatic pressure upon the under- 
ground stream is very small, if large supplies be required, it will be necessary to form 
a species of reservoir to store the water flowing during the intervals of its withdrawal. 
For small depths it is more economieal to sink a well than it is to bore ; and as the 
size of the well usually enables it to perform the function of a reservoir, we find that 
water is almost always obtained from such superficial deposits by W'ells. 

The supply derivable from these sources is rarely of a sufficiently copious nature to 
satisfy the wmnts of a closely agglomerated population, and should the latter exist in 
the localities where it is required to obtain w^ater, it will almost always he found that 
the percolation of the drainage and sewage waters will affect the qualities of that 
which would, in such positions, find its way into the wells. Under these circum- 
stances it may frequently ho found advisable to obtain a supply from the water- 
bearing strata underlying the impervious superficial deposits, or even when more than 
one water-hearing stratum exists, to resort to a lower one, rather than to a source 
nearer the surface possessing any particular chemical nature. The water in such 
underground sheets, being subject to a pressure equal to that of a column of water 
whose height corresponds with the difference of level between the outcrop and the point 
where the opening is formed through the retentive upper strata, minus of course the 
loss of head arising from the friction in its traject, is able to flow into the aperture with 
a rapidity equal to that at which it is withdrawn. A much smaller excavation will then 
suffice to insure a constant supply, because in fact the lower water-bearing stratum 
constitutes a 'naitirai resetVoir. It is in such cases that it is found advisable to resort 
to boring, or tbe formation of what really is a descending tube, whether lined, or not, 
with pipes, of a diameter sufficient to discharge the quantity of water required. 
From the circumstance that wells of this description were first employed in modern 
Europe in the province of Artois, they have acquired the name of Artesian Wells. 

In the formation of common wells, the subjects to be considered are—fii‘stly, the 
diameter and the depth to be given ; secondly, the manner in which the sides are to 
he consolidated ; and thirdly, the mode to be employed in raising the water. 

1. From what has been already stated, it must be evident that the two first 
considerations, with respect to the diameter and the depth of the well, are not 
susceptible of any absolute d priori mode of determination. Local circumstances will 
to vary in almost every case, not only because the water-bearing stratum 
different nature, but also because the rate of consumption from the well 
L. A careful examination of the wells already executed, or a 
survey of the surrounding district, are necessary before 
But it must always be borne in mM 
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are the indications of theoretical geology in this as in all other branches of engineer- 
ing, the inductions derived from it require to be verified by actnal experiment. In 
the case of linderground -waters, for instance, if any interruption of the regularity of 
the snhstratnm occur, either from a fissure or from an irregularity of form in the 
outline of the basin, such as often exists without any external indication, we are 
exposed to find that the conditions of the lower part of the stratum from which we 
expected to derive a supply of water may be very different from those we might have 
been entitled, fHor% to expect. The first attempts to derive -water from any 
formation must therefore he always exposed to a certain amount of risk. The differ- 
ent results obtained in the Paris and Brighton Artesian Wells from those obtained at 
High gate, Harwich, Calais, &c., may be cited as illustrations of the uncertainty 
attending this class of operations. 

Should any wells exist, the dimensions to be given to a new one to be formed in 
any locality will be ascertained by observing the height of the water-line in them at 
the different seasons of the year, and the rate of supply must he ascertained by observ- 
ing the extent and manner in, and the level to, which the water may bo lowered by 
pumping. In some cases also it may be necessary to ascertain the area of what may 
be called the contributing ground, in order to form a correct opinion as to the 
capabilities of the source of supply to meet any other demands which may arise. In 
no country in Europe does any legislation exist by which a right of property can arise 
with respect to the flow of underground waters. It is therefore possible that the 
supply may be cut off from a well entirely, or at least considerably diminished, by the 
execution of similar works in the immediate vicinity. Before founding an;^ establish- 
ment depending uixm its supply of water from such underground sti’eams, it there- 
fore becomes essentially necessary to ascertain all the circumstances affecting the 
latter. 

When the extent to which it is possible to lower the water-line shall have been 
ascertained, the depth to he given to the well, and the position to be ascribed to the' 
bottom of the rising main of the pump, will be fixed so that the latter shall always bo 
below the surface of the water in the well, and that a sufficient quantity of water may 
exist under it to maintain the efficient action of the pumps, A depth of from 4 to 6 
feet below the line of permanent depression will be sufficient for all ordinary 
purposes ; a diameter of about 4 feet in the clear of the finished work "will also he all 
that is required for domestic or small trade uses. 

2, The manner in which the sides of a well are to be lined, or as it is commonly 
called siemecl, will depend equally on the nature of the strata to be traversed. The 
objects proposed to be effected by such works are to prevent the incoherent materials 
of the sides from falling into the well, and to exclude occasionally such land -waters as 
may be likely to contaminate those furnished by the lower stratum. In stiff clay, 
gravel, or chalk of great consistency, a thickness of half a brick will usually suffice for 
the sieming, and in many cases it may be even executed -without mortar. The thick- 
ness will naturally be increased if the strata are more exposed to slip, or if land 
springs are to be excluded ; in the latter case it becomes necessary that the materials 
employed should be of a nature to resist permeation through their substance. 
Brickwork in cement of considerable thickness, and cast or wrought iron curbs, are 
frequently employed in such cases. 

The steining, of whatever materials it he constructed, is put together or built upon 
a bottom curb made with a cutting edge, and the ground is excavated from beneath this 
curb equally all round. The curb then descends by its own weight, and is retained 
in its vertical position by means of guides ; the brickwork is added from the top, 
and this operation is continued until the curb will sink no longer, owing to the 
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swelling of tlie ground : a new curb and new excavation are then begiirij smaller than 
the last. In modern practice, when the ground is of a nature to maintain the already 
executed stein ing by its jfriction against the sides, or where there exist means of 
suspending the steining, it is usual to add the brickwork under the portions 
previously executed. It is impossible, however, to la}^ down any absolute rule for 
the execution of such works ; the judgment of the engineer will suggest the modifi- 
cations required to meet any local peculiarity or ditEculty, either arising from the 
configuration of a district, or from considerations of economy in the execution, 

3. The means to be employed in raising the water will depend upon the depth of 
the well, and the extent of the demand, as also to a great extent upon the relative 

positions of the place where the water is to he used, and of the well. For ordinary 
purposes, buckets or hand-pumps will suffice. When large quantities are required, 
some of the modifications of water-raising machinery, already noticed in the article 
upon ^ Water Meadows,’ must be resorted to. 

Sbould farther information on this subject he required, the reader is referred to 
Weale’s > Elementary Treatise on Well-Digging and Boring.’ 

Artcsum wells. In the construction of Artesiau wells, the preliminary investigations require to be 
of a much more elaborate nature tban those necessary before commencing an ordi- 
nary well, not only because the source of supply is found to exist at a greater distance, 
but also because the uncertain element of the underground distui'bances assumes a 
much greater importance ; and this is more particularly true when an attempt is made 
for the first time to reach a new source of supply. It is necessary to ascertain the 

relative heights of the outcrop of the Water-hearing stratum, and its nearest overflow, 

with respect to the position of the proposed well, in order to arrive at some conclu- 
sion as to the probable height of ascension of the water when it shall have been 
reached. It is also necesary to ascertain the surface of the outcrop and the thickness of 

the water-bearing stratum in its passage beneath the retentive upper stratum, for upon 

these conditions will depend the capacity of the foi’mer to yield a constant supply. 
The existence of any fault 01 ” dislocation of the strata must also be carefully sought 
foi, because, should such exist, either the water contained in the permeable stratum 
may find a more ready outlet to a lower, level, or its circulation may be cut off from 
the particular part of the basin where it is proposed to place the well. 

In the tertiary strata, the conditions requisite to insure the success of an Artesian 
well are more likely to be met with than in the secondary formations. Generally 
speaking, the tertiary strata, are composed towards their base of sandy permeable ma- 
terials, covered by impermeable clays or compact limestones, that is to say, of precisely 
the materials i*equired to maintain a continuous flow of water, in case the upper mem- 
ber of the series he traversed. They are also less frequently interrupted by disturb- 
ances of the strata able to modify the subterranean hydrography, for there do not 
appear to have occurred any great geological cataclasms suhsequently to their depo- 
sition. Their circumscribed areas also render it more easy to calculate the influence 
of the different phenomena affecting the flow of water within them. 

In nearly all formations, however, the general law prevails by which the base is 
constituted of a series of sandy permeable deposits, marking the epoch of change from 
one geological condition of the globe to that immediately succeeding it ; and these 
permeable deposits are covered by others of a totally different character. It almost 
always happens also, that the outcrop of the permeable strata occurs at an elevation 
superior to that of the position in which it is usually required to bore for water. In 
, ^ many oases alsq,. compact limestones acquire the faculty of transmitting a suhterra- 

current, from their being traversed by great clefts, or from their being 
- i, fissured in every ^ The chalk formation, perhaps, offers the most striking 
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illustration of this condition; and it is principally from such fissures that the wells in 
the Artois derive their supply ; but it is frequently to he met with in the lower secon- 
dary formations; particularly in the carboniferous series. 

Of the Artesian wells ali’eady executed, the most numerous are those to he found 
in the hasius of London, of Paris, of Modena, in the secondary formations of Tours and 
Eouen, and the whole of the Artois, and of Upper Normandy, in the greensand below 
the chalk of Nancy, in the marls of the new red sandstones, and of Derbyshire 
and Lancashire in the same series of deposits. 

If we cannot predicate with certainty in -what formations water will be found by 
means of an Artesian well, this much is known, that the primary and transition, 
01 * metamorphic, rocks are never likely to exist under the conditions requisite to 
insure its success. In them the subterranean currents can only permeate along the 
lines of cracks or fissures whose direction is sufficiently capricious to defy calcula" 
tions. Again, in sedimentary deposits much affected hy geological disturbances, or 
in elevated districts which are not surrounded by the outcrops of a permeable stratum 
at a higher level, and passing beneath those to he operated upon, there can hardly be 
said to exist any reasonable prospect of success. It is only in regulai'ly stratifted depo- 
sits which have not been subsequently disturbed thei’e can he said to exist any 
certainty of obtaining a supply by the formation of an Artesian well. As will be 
shewn hereafter, the same theoretical reasoning upon the geology of a particular 
district applies equally to Absorbing Wells. 

Where many Artesian wells are sunk in the same formation, there results a diminu- 
tion in the rate of supply, which may seriously affect their value ; so much so, in facf-, 
as to render it doubtful uffiether some legislative interference be not required to main- 
tain the rights of the parties first applying the water obtained, at what must always 
he a considerable risk and a great outlay. The diminution of the supply from the 
original Artesian wells round London, from those of Tours, and from those near 
Modena, owing to the uiiUmited formation of other wells, is a matter of public 
notoriety.' "" 

In sinking an Artesian well, the first operation consists in forming an ordinary well 
to a depth to be regulated by the yield of the water-bearing stratum and the probable 
demand; at the bottom a guide-pipe, able to admit the largest tools to be used in 
tbe boring; is to be fixed carefully in a vertical position, and above this, at the highest 
point to which the water can rise, is to be placed the stage upon which the rods or 
other implements are to be put together. The sheer legs or frame supporting the 
boring tools, are placed immediately over the guide-pipe, care being taken that there 
be sufficient height to allow of the easy withdrawal of the rods composing the tools, 
— these are usually made from 10 to 20 feet in length. Beyond the sheer legs are 
placed the crab or hoisting machinery, and the appliances by means of which the 
percussive action is communicated to the different tools. The latter necessarily differ 
according to the nature of the strata to be traversed, and it is found that every 
contractor modifies them according to his own ideas, and according to the description 
of power he may employ. However these details may be modified, the operations 
required to be performed at the upper level will still I'emain the same ; and they will 
consist in lowering the rods, turning the augers in soft strata, impressing a percussive 
motion in harder ones, and withdrawing the loaded tools or buckets. To effect tbese 
objects satisfactorily, will require great skill and attention, so as at the same time to 
secure the greatest economy and despatch. Indeed there are few branches of engi- 
neering practice which require so much empirical knowledge as the boring of Artesian 
wells, or in which so much depends upon the skill of the contractor. By far the best 
wmrk existing upon the subject was written by one of those gentlemen, M. Degouss^e, 
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and ifc would Lo impossible to refer tlie reader to any work more likely to convey 
useful and practical information upon tbe subject tlian liis ‘ Traite de TArt des 
Sondages.* M, Kind, a G-erman Engineer of great ability, kas, it may be added, 
introduced some modifications of the boring tools by means of which he is able to 
execute with great rapidity, and at a small cost, deep borings of large diameter. 

In consecxuence of the improvements introduced of late years into the execution of 
Artesian wells, they can now be carried to depths varying from 1200 to 1600 feet with 
tolerable facility. The diameter of the bore, and the greater or lesser degree of 
hardness of the rock, will, however, affect the rate of its progress, and consecxuently 
its price. In proportion, also, as we descend, the difficulties, and the time attending 
the separate operations, and the increasing danger of a rupture of the tools, tend to 
increase the cost; and, moreover, the time employed in lowering the tubes, and 
the precautions to be observed in traversing any rumibg sands, augment as the 
depth increases. 

A very important bbservation is to be made with respect to Artesian wells, namely, 
that the temperature of the waters they are likely to yield will be founcV to be 
regnlated bythe depth of the water-bearing stratum. The law of tlie increase of 
temperature in descending below the surface varies in almost every distriet. Tints, 
in Scotland, the mean rate of increase has been ascertained in the carboniferous 
series to be about 1® Fahrenheit for every 48 feet in depth, after passing the point of 
uniform temperature. At Bouen, in the chalk formation, it was found in one instance 
to be 1 ’8 for every 67 feet 4 inches, and 1 '8 for every 100 feet in another ; whilst at 
Paris it was carefully ascertained to be about 1*8 for every 106 feet of vertical 
descent. In the well at the latter town the temperature of the water was found to 
be very nearly that which would be indicated by a theoretical calculation ; for the 
latter would have led to the conclusion that it should rise to the surface with a tem- 
perature of about 81° 96' ; and, in fact, it rises at the temperatiire of 81“ 81' from a 
depth of not less than 1802 feet English. 

The practical details connected with the execution of Artesian wells are treated of 
in the ‘Elementary Treatise on Well-Digging and Boring’ already alluded to. 
ATjsoibing wells. In many positions in our own country the practice of sinking dead wells for the 
purpose of carrying off the waste waters of certain factories exists very commonly. 
They are, however, limited to excavations in the superficial strata, and are really 
nothing but shallow wells acting in an opposite direction to ordinary ones. This 
branch of engineering has escaped the notice of the legislature, like so many others 
connected with- wells, and there does not appear to exist any law in England to prevent 
• the evacuation of the foulest waters by means of dead weUs, even when others for the 
supply of water for household purxDoses may exist in their immediate vicinity, and be 
fed by the same stratum. It is more than probable that the contamination of the 
shallow wells observed in most large towns, on the Continent equally as in England, 
may be attributed to some such action, which must operate with a rapidity and an 
intensity proportionate to the quantities of water in the well and in the basin receiving 
them. ■ , . ■ .. ■ ■ 

It appears, however, that the injimous effect of dead wells does not spread to any 
great distance, for a work of that description executed at the Hospital at Bicebre, by 
means of which the foul waters of an establishment able to accommodate 4000 men 
were made to descend to a subterranean stream, did not affect the ordinary wells 
supidie4 by that stream, unless it were during very heavy storms, at a distance of 
from ^00 700 yards. In the case of absorbing wells by borings, tlie remarkable 

. ' ascensional pwrer pf the water also seems to be a guarantee against its being con- 

taminated by ani feiil waters let down from above. The danger would also, in all 
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probaMlity, be less if tliey were made to descend to a formation so absorbent and at 
the same time so sliattered as tlie chalk, particularly in its upper members. In some 
localities wells are almost niilmown, s^ that there may be occasions in wliioh it 
■would be advisable to adopt this means of removing ibul waters, even should the 
use of dead wells be attended with serious injury to the public health in other 
■ . ' positions.. 

It has been ascertamed by direct experiment that any description of well can 
I absorb as much water as it is able to produce. Thus, if a boring should yield 5 O 

I gallons per minute, and its ascensional power cease at a yard from the ground, if the 

’ tube he prolonged for a second yard, 50 gallons per minute may he poured into the 

tube without the waters flowing over the orifice, 

I If a boring yield 50 gallons per minute, and it be desired to mafee it absorb 500 

gallons in the same time, a pump able to remove the latter quantity is to be set in 
action, and notice to be taken of the extent to which it can lower the waterdine. 
Should it be about BO feet, for instance, it will be sufficient to lengthen the tube of 
the bore to a height of 30 feet above the natural water-line, and the quantity of 500 
gallons may bo poured in . Of course, if the water do not rise in the bore to the 
surface, the absorption will be more rapid. 

Absorbing wells maybe either formed in the same manner as ordinary shallow 
wells or by Artesian borings. In either case it is advisable to exclude surface or land 
waters from them, and they should therefore be close-steined or piped. Erecautioiis 
require to he taken to clarify the waters as completely as possible by deposition or 
•filtration ; in fact, the solid matters in suspension must be removed, or the absorbing 
faces will become rapidly clioked. It is easy to efiect this object by forming a 
reservoir to receive the waters to be evacuated, and by carrying the end of the pipe 
some height above the bottom ; tbe deposit in the reservoir must be removed before 
it can reach the level of the entrance of the descending pipe, and it would certainly 
be preferable were tbe latter covered by a grating, or cap, able to retain the grosser 
particles. Should the absorbing surfaces become choked, it is easy to renew them 
by excavation or by the use of a boring auger with a ball-clack. But however well 
the operation of cleansing the absorbing faces may be performed, the useful action is 
never equal to that which originally took place ; and it is therefore impossible to 
dwell too forcibly on the necessity for observing the greatest precautions in preventing 
the descent of any solid matters. 

One of the most useful applications of absorbing wells would be for the purpose of 
draining clay lands, when the clay is of moderate thickness, and it lies immediately 
upon a permeable substratum. The boulder clay of Norfolk and Suifoik, reposing 
upon the chalk, may be cited an instance of the d^cription of formation adapted 
to the application of this method. In many oases it will be found more economical to 
sink an absorbing well, or even to make a succession of small borings, than to execute 
a great and expensive outfall-drain, 

Generally, unless the spring supplying a well be of a nature to mamfeam a constant 
flow and intercharigc of its water, it must always be borne in mind that the latter is 
to a great extent stagnant. Its qualities must, therefore, participate of those of all 
stagnant waters, and as such be more or less objectionable on account of its want of 
aeration, and the partial decomposition which must affect them. An equally important 
observation is, that well-water is exposed to take up the soluble salts contained in the 
materials it traverses. It is iiidispensable, then, that only such materials be employed 
as are not likely to furnish any injurious salts ; that, in fact, as -was observed in the 
article upon the ^ Water Supply,’ silicipas stones, or hard-burnt bricks, or iron tubes, 
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sliould be used in preference to sncli stones as would be likely to give forth the 
sulphates or carbonates of lime. 

The reader is referred, for further information upon the whole subject of wells, to 
Mr. J. Prestwick on the Water-bearing Strata of London, &c., — -Mr. Clutterbuck and 
Mr. Dickinson’s Palmers on the Water Supply of London,-— Mr. Stephenson’s and Mr. 
Hoinersliam’s E-eports on the Watford Spring Water Company, &c.,— -to the different 
Reports on the Metropolitan Water Supply and the Health of Towns,— Amedde 
Burat’s Geologie appli(iude, — ^Degoussee, Guide du Sondeur, — the detached Papers by 
M. D’Archiac and the Abbd Paramelle, MM. Hericaut de Thury, Gfarnier, and Emery, 
— Les Annales des Mines,— Nieues Jahrbuch flir Mineralogie iind Geognosie. A long 
Report upon Absorbing Wells, by MM. Girard and L*arent Duchatel, will be found 
in the Annales des Fonts et Chaussees for 1830. 


Z. 

ZIG-ZAG. — An insignificant term in itself, hut important In siege operations; 

zig-zag being the principle on which the 
attack of places is based ; and this mode 
of approach had long been in use in a rude 
way, until perfected by Vauban. 

Zig-zag i^m\> only the proper course 
by which to advance in sieges, but it is 
the method of connecting the parallels 
and places of arms, and finally axriving 
at the close of the attack or breaching 
batteries, and the work is usually 
effected by Sap. 

The object of making zig-zag a special 
subject for the ‘ Aide-M6moire’ is to 
suggest the application of this mode of 
advancing to irregular attacks of posts, 
barriers, and stockades, and thus saving 
Diany valuable lives, with the loss of a 
very little time ; and by taking ad- 
vantage of some hollow or natural cover, 
or of some adjacent building, a few 
Sappers could run a zig-zag up to the 
work in two or three hours, under the 
protection of musketry-fire, and finally place a quantity of gunpowder for forcing the 
gate or barrier, or the destruction of a stockade or other slight defence, such as savages 
or insurgent inhabitants throw up on the spur of the moment. 

The following example will shew how this idea may be applied : 

Supposing it desirable to force a work A, an approach may be commenced from the 
hollow B, and a zig-zag carried up to the entrance n, forming a short line of Sap, 
C3>, where a quantity of powder could be fixed at the point n, which would cm the 
explosion enable the attacking party to rush from the hollow, and, taking advantage 
of the carry the work.— G. G. L. 
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Defilade, i. 296 
Demi-parallels, iii. 387 
Demolition, i. 196, 304, 329 


of AiiHlery, i* 333 

Denudation* % 111 
Department . 



Department, Commissariat, iii. 417 

-f Ordnance, ii. 582 

Deposits, ii. 148 
— — , Chemical, ii. lT4 

— , Mechanical, ii. 1 72 

Depression Carriage, i 219 
Derrick, i. 334 

Descent into the ditch, iii, 389 
Detached Forts, ii. 30 

— Works, ii. 40 

Devil Carriage, i. 218 
Devonian or Red Sandstone, ii. 149 
Dialling, i. 337 

Dingy, i. 168 

Disembarkation, i, 339 

Diuretic Mass, ii. 249 

Diving Dress, L 374 

Diving Bell, i. 363 

Draining, i. 381 

Drawbridges, iii. 75 

Dredge’s Taper Chain Bridge, ill. 79 

Dredging of rivers, iii. 273 

Driver, Gunner, ii. 219 

Dufour’s System, ii. 42 

Earthworks of Railways, iii . 208 
Electric Telegra^jh, iii. 630 
Electricity, i, 385 ; iii, 630 
Electro Magnetism, ii. 87 ; iii. 685 
Electrometer, iii. 687 
Electrotype, i. 892 ; ii, 66 
Eleidiant, i. 404 
Embankment of Rivers, iii. 268 
Embarkation, i. 406 
Embrasure, ii. 307^ 

— — Shutters, iii. 396 
Engine Drivers, iii. 585 
— •, Locomotive, hi, 485 
— Steam, iii. 424 
Engineer, Civil, 5, 419 

Equipment, hi. 410 

, Military, i, 406 

Eocene, ii. 164 
Epaulement, i. 423 
Eprouvette, i. 423 
Equipment, Artillery, i. 425 

, Engineer, iii. 410 

, Naval, i. 45G 

, American, i. 473 

^ Musket- ball, i, 482 

Escalade, i. 485 

Evaporation of Steam, Power of,, hi. 559 
Evolutions of Infantry, i. 494 

Cavalry, ii. 317* 

— Artillery, i. 514 

Horse Artillery, ii. 324* 

Expense Magazine, h, 316* 

Explosive Cotton, ii. 199 

Fascines, i. 517 
Fausse-braie, ii. 39 
Field Fortification, ii. 1 

Fortresses, h. 29 

Sketching, i. 618 
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Eield Telegrapli, iii. 620 
Fire, Vertical, i, 535 
— — Annihilator, i. 540 

— Cart, i. 542 

Fire-mail for Steam Fngme, iii. 537 

Forage, i. 543 

Ford, i. 543 

Fort, Permanent, ii. 30 

Fortification, Field, ii. 1 

— ~ — — — Permanent, ii, 31, 34 

— — Systems of, ii. 37 

Fortress, Field, ii. 29 

Forts, Detached, ii. 30 
Fongass, ii. 67 

Foundations of Bridges, iii, 54 
Fraise, iL 68 
Freneh System, ii. 39 
Fuel, as regards production of Steam, iii 
490 

Fuze, ii. 69, 193 ; iii. 179 

Cahion, ii, 70 
- — — batteries, i. 156 
Calleries of mines, ii. 365, 338, 398 
Galvanism, ii. 74 

Galvanometer, ii. 77 ; iii. 657, 686 
Garrison for defence of places, i. 281 ; 
il 27 

Gates, Barrier, L 131 ; ii, 26 
— — , Dock, iii. 814 
Gauge, Wind, i, 35 ; ii. 358 
Ganges of railways, iii. 203 
G5nie, Corps du, i. 415 
Geognosy, ii. 91 
Geology, ii. 93 
German System, ii. 48 
Gold, ii, 146 
Goods Waggons, iii. 235 
Gradients of railways, iii. 207 

- roads, iii, 346 

Granite, ii. 143, 177 
Greenstone, ii. 144, 178 
Grenade, ii. 190 
Grooming of horses, ii, 277 
Guard-house, fortified, ii. 196 
Guerite, ii. 198 
Gun, Battering, i. 152 

Carriage, i. 264 

Cotton, ii. 197 

Gunner, ii. 219 

Master, ii. 221 

, Naval, ii. 221 

Gunnery, ii. 222 ; iii. 153 
Gunpowder, ii. 228 

Buildings, ii. 248 

Magazine, ii. 314'^ 

Gyn,„i.S37 
Gyroscope, iii, 168 

Hadley’s Sextant, ii. 492 
Half-simk batteries, i. 135, 152 
Harrison’s Gridiron Pendulum, iii. 86 
Haxo, Batteries 5i la, ii. 40 
Heat, ii, 256 







Heat, Distribution of, ii. 263 
— to produce steam, iii. 430 
Helmet, diving, i. 374 
Hornblende, ii. 99 
Horse, Artillery, ii. 281 

— equipment of, i. 427 

Dragoon, ii. 271 

Horses, age of, ii. 272 

embarking of, i. 343, 349 

— — ^ feeding, ii. 276 
— — — , grooming, ii. 277 

powers of, ii. 287 ; iiL 265 

— , qualities of, ii, 271 

, watering of, ii, 277 

Horizontal-force Magnetometer, il 514 

Hurdle, il 289 

Hut, Dog, ii. 294 

•— — Bubble-masonry, ii. 302 

Huts, framed, il 291 

— — , pis4, ii. 297 

Hutting, I 221 ; il 291 

Hydraulic Bam, iii 738 

Hygrometer, ii. 365 

Ice, il 313 
Igneous rocks, ii. 177 
India, Siege Operations in, iii. 396 
India-rubber Pontoons, iii, 41 
Infantry, Embarkation and Disembarka- 
tion of, i. 339 

— — , Movements of, i. 499 

Initial velocity, il 226 
Inland Navigation, iii. 25$ 

Insulators, iii. 647 

Intrenched Camp^ i. 205 

— - — .. — Village, Defence of, i, 244 

Investment of fortresses, i. 72 

Iron, il 96, 145 

- — Bridges, iii. 74 

— — Guns, Demolition i. 333 

Ordnance, z. 60 

— . — — ^ Casting of, il 556 

— — Bails for railways, iii. 223 

Traversing Platfoims, i, 290 

Strength of, for railways, iii. 220 

Irregular Sieges, iii. 409 
Irrigation, iii, 696 

— Works required for, iii. 707 

Water’s Pendulum, ill 85 
Kyanizing, il 314 

Laboratory for pyrotechny, il 317 ; iii. 
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— Stores -for- defence of places, 

: 262:-. : 

Labour, Militai*y, I 80 
Ladders, Escalading, I 485 
Landing of troops, i. 350 
Latitude, to determine, ii. 487 
Leaden Balls, Casting of, iii, 174 

. Penetration of, iii. 103, 
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Levelling, il 317 
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Levelling, Use of Tiiemometer in, ii. 
325 

, Railway, ii. 332 

Lias, ii. 156 

Lieutenant-General of tHe. Ordnance, ii. 

m2 . . .. 

Liglit Balls, iii. 175 
— — Dragoon, ii. 271 
Lightning Conductors, i. 386 
- — - — - Protectors, iii. 685 
Lime, Burning of, ii. 339 
Limestone, i. 146, 153, 338 
Lines of Lisbon, ii. 20 
Listening Galleries, ii. 391 
Lodes for Canals, iii. 309 

“— River Navigation, iii. 283 

— , Demolition of, i. 322 

Substitute for, iii. 319 

Locomotive Engine, iii. 237, 485, 554 

Power, Cost of, iii. 243 

Logistics, i. 29 
Loophole, ii. 301*^ 

^ Lord of the Isles’ steam engine, iii. 547 

Macadamised Roads, iii. 357 
Machicoulis, ii. 310* 

Machines for raising water, iii. 722 
Madras Platforms, i. 146, 160 
Magazine, Construction of, ii, 314* 

— , Powder, ii. 314* 

Magazines, Expense, ii. 316* 

— — , Demolition of, i. 315 

, Field, i. 149 ; ii, 25 

Magnesian Limestone, ii. 154 
Magnet, Electricity from, iii, 637, 685 
Magnetical Observatory, ii. 510 
Magneto-electric Compass, i. 231 
Maintenance of roads, iii. 357 
Manganese, ii. 96 

Manmuvres of Artillery, ii. 324* 335* 

of Cavalry, ii. 317* 

of the Line, i. 504 

Manoeuvring lines of operation, i. 8, 14 
Mantlets, ii. 338* 

March of Infantry, L 507 

, Route, i, 507 

^Marches of Manoeuvre, i, 512 
Marine Artillery, ii. 341* 

Masonry for railways, iii. 221 
Master-General of the Ordnance, ii. 541 
Match, Quick, iii, 181 

, Slow, iii. 181 ^ 

Meadows, Water, or irrigation, HL 693 
Measurement of a base, iii, 577 
Mechanical deposits, ii, 172 
Mechanical dissipation of fuel in steam 
engines, iii. 494, 

Mercurial Steam Gauge, iii. 479 
Metallic deposits, ii. 145 
Meteorology, i. 118 ; ii. 313 
Mica, ii. 99 

Mitary Bridges, i. 177 

En^eer, i. 71, 406 
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Military Prisons, iii, 142 
Pyroteclmy, iii 170 

— Reconnaissance of a company, iii 
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■ r— Secretary, iii. 413 

Mine Frames for held service, ii. 407 
Mines, Charge of, ii. 379 

> Counter or Defensive, ii. 385 

Tamping of, ii. 383 

— — - for hreaching, ii. 405 
Mining, Military, ii. 361 

— operations for attack of fortress, 
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— — operations for defence of fortress, 
i. 282 

Modem system of fortification, ii, 48 
Montalemhert’s System, ii. 44 
Mooltan, Siege of, iii. 399 
Morse’s Alphabet, iii. 662 
Mortar PlatformSj L 146 
Mortal^, Yalue of, at a siege, i. 171 
Mountain Artillery, i. 50 ; ii. 425 
— — “-Barometer, ii. 436 
— - — Limestone, iii . 9 
Movements of a battalion, i. 502 
— — - — — artillery, ii. 324*', 335* 
Mule, 11441 
Mushet, ii. 442 

Musket-ball cartridge equipment, i. 482 
Musketry fire, i. 96 ; ii. 442: iii, 103; 
107 

_ — _ Instruction, ii. 446 

Navigation, Inland, iii, 258 
New Red Sandstone, ii. 155 

Observation Sector, iii, 536 
Observatory, Astronomical, ii. 467 

. — , Magnetical, ii. 510 

-— — — , Portable, ii. 472, 488 

— — Obstacles, ii; 8 
Oolitic period, iii. 12 
Operations, Defensive, i, 18 

, Offensive, i. 8 

Ordnance, i. 44 ; ii. 544 

j Construction of brass, ii. 553, 
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, Iron, 556 

Department, ii. 582 

, Master-General of, ii, 582 

Organic F’ormations, ii. 175 

Remains, ii. 118 

Organisation of Ordnance Survey, iii. 597 

Pah, ii. 587 
Palaeontology, il 1 
Palanques, ii. 589 
Palisades, ii. 26 ; iii. 31 
Parabolic Theory, ii. 226 
Parallel, first, i. 86 

second, i. 94 

, third, i. 98 

Parapet, ii. 18, iii. 33 
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Pendulum, iii. 81 

I — . — — BalUstiO) iii, 87, 150 

I • — — — Compensation, iii. 86 

I ■ Electro ballisti iii. 158 

-™~“-~, 0raliam’s Mercurial, iii. 86 
; Harrison’s IMdiron, iii. 86 

■ ■ - ' -^ ..Musket, iii. 87 ' 

Penetration of Projectiles, iii, 93 

- — - of Armstrong guns, iii. 107 

I , ' , Permanent' Port, il 30 

,,f’ — — ~ portification, ii. 31 ■. 

— — Oven, ii. 685 

Petard, iii. 108 

Petrifaction, or organic remains, ii. 118 
I i „ '.'"Pierriers, or Stone Mortar^ i. 9.7 ' 

I ; Piers of Bridges, Iii. 60 '■ 

■ Pile Bridge, i. 192 

I Pipes for conYeying water, iii. 762 

Pise puts, ii. 297 
Platform, Alderson’s, i. 146 

, cast-iron Traversing, i. 290 

— — Madras, i. 146 
Platforms, Pie! d, ii. 26 
Platinum, ii, 146 
Pliocene Formation, ii. 165 
Plutonic EockSj ii. 142 
Points of Eailways, iii. 228 
Pontoon, iii. 135 

bridge, X. 178 

Blanshard’s, i. 178 

- — — *, Canvas, ii. 137 
— - — , India-rubber, iii, 41 
Porphyry, ii 143, 179 
Portable Observatory, ii. 473 
Portfires, iii 181 
Position, Artillery of, L 52 

— , Military, i 25, iii 137 

- — -—— of batteries at a siege, i 93 
Positions, retrenched, iii. 138 
Posts, attack of, i 101 
Powers of the horse, ii. 264 
Precautions, defensive, i 283, 287 

- — — — against. fire, i 537' 

Principles of attack of fortresses, i 75 
I Prisons, Military, iii 142 

Projectiles, Theory of, iii. 153 
Provisions for a Siege, i 261, 280 
Prussian System, u. # 

Paddling of Canals, iii. 298 
Pumps, iii 722 

— ,.Air, i. 365.'' 

Pyrotechny, Military, iii 170 
Pyroxyle, ii 206 

Qualifications 6f engine drivers, &e., iii. 
535 

Quarry, hi 195 

Quaternary Formations, ii 1 68 

Eaft Bridge, i. 102 
Eailroad, iii 201 

gauge, id. 203. 

Bail way levelling, ii. 332 


Eailway signal, iii. 282 

— traffic, iii. 246 

— Carriages, Waggons, &c., iii. 233 

— Points and Switches, Turn-tables, 

&c., iii. 228 

- — — , Strength of iron for, iii, 220 
Eailways, American, iii. 247 
Eeconnoitxing, iii. 250 
Bed Sandstone, ii, 149, 155 
Eedouhts, ii. 8, 21 
Belays, electric, iii, 677 
Eeports, Military, id. 257 
Eeserve, Artillery, !. 49, 429 
Eeservoirs, iii, 300, 756 
Eesistances. on railways, id, 241, 513 

— — on broad gauge, id. 515 

•— — — of blast pipe, id. 525 

— , Tables of, iii. 627—5 3 4 

lletreats in military operations, i. 27 
Eetx'enehed position, iii, 138 
Eevetments, Demolition of, i. 324 
Ee vetting, batteries, i. 143 
Eheostat, ii, 82 ; id. 691 
Eicochet, i. 96 

batteries, I. 29 

Eifie, ii, 442 
— - fire, id. 107 
Eiver Navigation, id. 258 
Eivers, Passage of, id. 33 
Eoads, ii. 23 j id. 326 

, Construction of, id. 351 

— — , Maintenance of, id. 357 
" — , Bolling, id. 371 

, Section, id. 346 

— • — Tracing of, id. 326 

Watenng of, iii. 36S 

Eockets, i 433 ; ii. 429 ; id. 184, 376 
Eocks, Phenomena of, ii. 99 
Hope Bridge, i. 188 
Eoute-marching, i. 507 
Euhmkorfi:‘’s Coil, ii. 88 

Sandstone, Old red, ii. 149 

— — , New red, ii, 155 

Sanitary Precautions, id. 380 
Sap, id. 384 

Scaling Ladder, i. 485 
Scarping, d. 28 
Science of War, i, 1 
Sector Observations, id. 586 
Sedative mass for horses, ii. 283 
Serpentine Eocks, d. 179 
Sheers, i. 334 
Shot Furnace, ii. 68 

Garland, iii. 393 

Shrapnell Shells, or Spherical Case, iii. 
394 

Shutters, Embrasure, id. 396 
Siege Artillery, i. 47 

and Engineer equipment, id. 41 0 

Artillery equipment, i. 428, 443, 

451 

Batteries, i. 133 

, Embarking Stores for a, i. 347 
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Siege, Engineer Stores for a, i. 72 
— — , Irregnlar, iii, 409 

, Nnmtier of Troopsfor a, i. 70 

Number of Officers of Engmeers 
for a, i. 71 
— — Operations, i. 70 
— Operations in India, iii. 396 

, State of, i. 262 

Signal Bockets, iii. 186 
Silurian Bocks, iL 148 
Sketches, Field, i. 518 
Slow-match, iii. 181 

Sluices and overflows in irrigation, iii. 
716 

Smee’s Toltaic Battery, i. 392 
Sod-work, iii. 413 
Spar Bridge, i. 192 
Spontaneous Combustion, 1 226 
Springs, Theory of, ii. 184 
Stables for horses, ii. 274 
Staff, iii. 413 

Stations, Bailway, iii. 229 
Statistics, iii. 418 
Steam Civil Engineer, i. 421 

the properties of, iii. 425 

converted from water, in. 426 

— , mechanical effects of, iii. 429, 432, 
436, 446 

working duties of, iii. 497 

Engine, iii. 424 

Locomotive, iii, 485 

■ for pumps, iii. 467 
Stockade, ii. 19 j iii, 568 

, Demolition of, iii. 109 

Stone Bridge, iii. 65 
Strategics, i. 5, 7 
Stratification of Bocks, ii. 106 
Street Fighting, iii, 569 
Submarine Telegraph, iii. 653 
Supply, Water, iii. 742 
Surcharged Mines, ii, 380 
Surveying, iii. 576 
Swimming, iii. 600 
Switches, Railway, iii. 228 
Swivel Bridge, iii. 76 
Syphon Bridge, in. 750 
System of Counter Mines, ii. 385 
Carnot’s, ii. 46 

■ , Obasseloup’s, ii. 40 

, Coehorn’s, ii, 37 

, Dufour’s, ii. 42 

, French or Bastion, ii. 39 

, Montalemhert’s, ii. 44 

, Prussian or Q-erman, ii. 48 

Systems, relative value of the, ii. 59 

Table of Ordnance Ammunition, 5. 32 
Small-arm Ammunition, i. 34 
— Artillery, i. 60 ; ii. 551 

Engineer Stores for a Siege, i. 70 
details of Blanshard’s Pontoon 


Table of dimensions of gun and limber 
carriages, i. 212—218 

dimensions of marquees and 

tents, i. 222 

— — — - ammunition and stores for de- 
fence of coasts, i. 294 
charges for demolition of works, 

i. 306, 332 

equipment of Artillery, i 435-— 

. . m 

- — — Naval equipments, i. 459 

- musket-ball cartridge equipment, 

, i. 483, 

length of paces and rates of march 

of armies, i. 511, 514 
- — — . tools required in mining opera- 
tions, ii. 365 

— — comparative effect of mines, ii. 
419 

« Greological Formations, ii. 126 ; 

iii. 2' ■ 

Fossils, iii. 4 

— - — weight of iron carcasses, iii. 179 

dimensions of wooden fuzes, iii. 

179' 

cost of railways, iii. 2G5 

traffic, iii, 207 

— angles of slopes of railway cut- 

tings, iii. 210 

cubical cutting of railways, iii. 

^ 212 ■ , , , 

— — - cost of railway stock, iii. 235 

• — elastic force of steam, hi, 238 

- — ^ — - form of Beports for Beconnoi- 
tring, iii. 255 

tbe principal reservoirs for canals 

in Prance, iii. 304 

— — inclination of roads, iii. 

337, 345, 346, 347 

— — cost of roads, iii. 363 

War Bockets, iii. 377 

expenditure of Engineer Stores at 

the siege of Mooltan, iii. 403 

expenditure of shot and shell at 

Mooltan, iii. 404 

stores required for a siege in 

India, iii. 406 

for a company of Boyal 

Engineers, 411 

areas of pistons of steam engines, 
hi. 472 

escape of steam in locomotives, 
hi. 600 

anemometers,!. 40 
dimensions of boats, i. 168 
sizes of casks, i. 1 9 1 
charges of mines in different soils, 

ii. 423 

resistance on railways, iii. 627-^ 
534 

cast-iron pipes for water supply, 
hi. 753 




Table of fall of rain in India, ii. 350 

factors for tlie hygrometer, ii. 

850 

velocity of wind, i. 37 ; ii. 359 

proportion of stores, &c., for de- 
fence of places, i. 275 

for determining the altitude by 

barometer, i. 120 

correction by barometer, i. 

124 

construction of siege bat- 
teries, i. 157 — 101 

sizes of blocks, i. 165 

construction of permanent 

bridges, iii. 62, 69, 72 

penetration into ground, iii. 96 

eak, iii. 99 

masonry, iii. 

94, 95, 07, 104, 105, lOG 
Tables in use in levelling, ii. 328 — 331 

shewing the force of the wind, i. 37 

shewing the height of guns of ship- 
ping above the water, i. 296 

shewing, the power of Gun Cotton, 

ii. 209 

of musketry, ii. 103, 107 

Tabular view of Geological Formations, 
ii, 126 ; iii. 2 
Tactics, i. 20, 507 

of t)jo Three Arms, iii. 602 

Tambour, iii. 620 
Tamping of Mines, ii. 333 
Telegraph, Electric, iii. 620, 630 

, Field, iii, 620 

, Submarine, iii. 6.53 

, Universal, iii. 621 

Telegraphic Dictionary, iii. 626 
Temporary Bridge, iii. 36 

Dams, i. 235 

Tertiary period of formation, ii. 154 ; iii. 

■ 22 ' ■ ■ . ■ ■ ■ 

T5te de Pont, iii. 628 
Thatch and Thatching, ii. 303 
Thermometer, ii. 854 

for determining heights, 

ii. 325 

Third parallel, i. 98 
Tolls on Canals, iii. 326 
Towers, Demolition of, i. 310 
Trace, Vauban’s, ii. 42 

, Chasseloup’s, ii. 40 

Trace of Batteries, i. 135 

Magazine, i, 149 

Tracing of roads, iii. 326 
Traction, Effects of, iii. 265 
Traffic on Railways, iii. 246 
Transit, ii. 468 

, determining latitude by, ii. 482 

Transit, instrument, ii. 468, 493 


Transit, method of observing with, ii. 473 

, to adjust a portable, ii. 481 

— circle, ii. 470 

Traversing iron platform, i. 290 
Trenches, opening of, i. 86, 267 

, preparing for opening of, i. 78 

Trestle Bri^e, i. 191 
Trias period of Geology, iii. 10 
Trigonometrical Survey, iii. 576 
Troughton’s Reflecting Circle, ii. 495 
Troup of Horse Artillery, ii. 325 
Troupes du Genie, i. 419 
Trous de Loup, ii. 27 ; iii. 630 
Tubes, iii. 189 
Tunnel, Railway, iii. 216 
for Canals, iii. 307 

Valve, Slide, of Steam Engine, iii. 484 
Veins in Geology, ii. 147 
Velocity, Effect of, on Bridges, iii. 218 
Ventilation of Mines, ii. 423 
Vertical Fire, i. 535 
Volcanic Rocks, ii. 143, 180 

War Rockets, iii. 184, 376 
Waste Weir on Canals, iii. 324 
Water, ii. 176 

, conversion of, into steam, iii. 426 

j distribution of, iii. 761 

Meadows, or Irrigation, iii. 693 

, raising Machines, iii. 722 

Reservoirs, iii. 300, 756 

Supply, iii. 742 

Wheels, iii. 767 

uudershot, iiL 769 

■ overshot, iii. 774 

breast, iii. 776 

Walt’s solution of steam condensation, 
iii. 435 

Wear and tear of carriages on railways, 
iii. 243 

Weather, Indications of change of, ii. SCO 
Weight of Forage, i, 543 
Wells, iii, 784 

, Absorbing, iii. 790 

, Artesian, iii. 788 

Wheatstone’s Parallelogi'am, iii, 689 
Wind Gauge, i. 85 ; ii. 357 
Wooden Bridges, iii. 70 
Working duty of fuel as regards steamy 
iii. 490 

steam, Hi. 497 

Works for the preservation of banks of 
rivers, iii. 66 

Xyloidine, ii. 202 

Zig-Zag, Hi. 92 
Zinc, ii. 146 
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Blanchard, Major-Gen., C.B., E.E. 
Bloxam, Mr., C.L. 

Bullock, Mr. 

Burgoyne, Gen. Sir Johnj Bart., G.C.B. 


Burnell, Mr., G.E., G.E, 

Colquhoun, CoL, E.A. 

Colvin, CoL, B.E., Bengal 
Dansey, Major-Gen,, C.B,, E.A. 

De Butts, Capt., E.E. 

De Moleyns, Lieut., BE. 

Dundas, Major-Gen., C.B. , E, A. 

Emmett, Major-Gen., E.E. 

Fanshawe, Major-Gen,, G.B., E.E. 
Fitzmayer, CoL, C.B., E.A. 

Galton, Capt., B,E,, F,E.S. 

Gibb, Major, E.B. 

Hamley, CoL, E.E. 

Hanlon, Mr., T. F., E.E. Dept. 

Harding, Maj or-Gen. , C. B. , E. E . 
Harness, CoL, C.B., E.E. 

Haultain, OoL,vE.A. 

Haviland, Lieut., 2nd Dragoon Guards 
Hawkins, Lieut. -CoL, E,E. 

Heather, Mr, 

Hewlett, Mr. S.,Chi€C Draughtsman,E.E.D. 
Hutchinson, CoL, E,E., Bengal 
Hutchinson, Capt. G., E.E, 

Hutchinson, Capt. C.S., E.E. 

James, CoL Si^ H., E.E., F.E.S. 

Jebb, Major-Gen. Sir Joshua, K.G.B., 
E.E. 
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Army. Law, O.E. 

Instructions for Field Batteries of Eoyal On the Steam Engine, by Dr. Larclner. 

Artill^. , ; Sieges in India, by Colonel Lake, Madras 
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